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I. INTRODUCTION 
NICHOLAS POLUNIN 


Osborn Botanical Laboratory, Yale University, New Haven, Conn. 


In 1947 Dr. Vilhjalmur Stefansson, the eminent arctic explorer, 
visited me and discussed his plan to prepare a large ‘* Encyclopedia 
Arctica”. Asked what proportion of it botany should occupy, my 
reply, on the basis of a rapid mental calculation, was “ not less 
than four per cent”. Dr. Stefansson’s response was that one-half 
of one per cent had been suggested and would be the proportion 
unless I would undertake to arrange for and edit all botanical and 
allied contributions, which I was accordingly persuaded to do. 
Although the arctic regions were primarily to be concerned, there 
was to be a “ shading off ”’ into the Subarctic. 

Later, with the support of the United States Navy, the encyclo- 
pedia project flourished, particularly through the energies of Dr. 
and Mrs. Stefansson and of Mrs. Olive R. Wilcox of the Stefans- 
son Library, my plan for botany being extended to embrace all ap- 
plicable aspects of plant science. This extended coverage involved 
some 50 contributions by about as many specialists, chiefly in the 
United States, Great Britain, the Scandinavian countries, and Can- 
ada. These often eminent collaborators gave abundantly of their 
time and knowledge to produce a unique collection of papers com- 
prising the better part of two volumes—which material, after 
changed circumstances had brought about cessation of govern- 
mental support for the project, I obtained permission to publish 
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independently. For this permission appreciative thanks are due to 
Dr. Stefansson and the Office of Naval Research, as well as to each 
and every author involved. Meanwhile I have rewritten and ex- 
tended a companion volume of my own and have added another, 
likewise more strictly arctic, on which I have also been engaged 
for many years. 

Among the earliest submitted of these papers were the present 
six, covering the non-vascular cryptogams, which are here pub- 
lished in advance of the others—partly because they concern rapidly 
advancing fields of knowledge and are apt to require constant re- 
vision if they are not to “date” badly, partly because they are 
urgently needed, and partly because their authors have, in general, 
a broader view of what constitutes the Arctic than is exercised in 
the taxonomic and allied portions of the publication that is to con- 
tain, inter alia, the majority of these plant sciences papers. This 
latter publication is the series of three volumes on “ Arctic Botany ” 
(plus the companion * Circumpolar Arctic Flora’’) to be pub- 
lished by the Oxford University Press, and to it these special 
cryptogamic papers involving the lower forms of plant life consti- 
tute a fitting prelude. 

Practically all groups of non-vascular cryptogams are well repre- 
sented in the Arctic, both floristically and as components of the 
vegetation. Indeed, with the limited spermatophytic flora and 
generally poor growth of higher plants, the algae, mosses, liver- 
worts and lichens tend to be more prominent in the Far North than 
they are in regions of more favorable climate. Thus in aquatic 
and damp habitats algae and mosses, and in dry ones lichens, often 
form almost pure communities in the Arctic; and even in subarctic 
regions their significance tends to be greater proportionally to other 
groups than it is farther south. Frequently they contribute the 
actual dominants over extensive tracts. 

In these and other circumstances this first modern symposium 
of surveys of the available information on each major group of 
lower cryptogams in arctic and allied regions by a suitably experi- 
enced specialist is to be recommended as particularly important 
and timely. 
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SIGNIFICANCE OF ARCTIC ALGAL VEGETATION 


In the Arctic, as in the Antarctic, the great rigors imposed on 
plant and animal life force us to consider most attentively the fac- 
tors controlling them and the particular kinds of organisms which 
are able to survive, often in abundance, under the prevailing con- 
ditions. Since the animal population is ultimately limited by the 
vegetation which supports it, knowledge of the aquatic plant life 
and of its needs is of first importance in a consideration of arctic 
biology. For the Arctic our knowledge of the physiology and 
ecology of the aquatic cryptogamic plants is exceedingly limited, 
but our knowledge of the variety of organisms in the several en- 
vironments is sufficiently advanced to supply at least suggestive 
indications of what may be expected almost anywhere in the far 
north, and will be summarized here. 

The aquatic flora, somewhat protected from the extremes of tem- 
perature and destructive gales which affect land plants, shows a less 
marked change from the flora of the colder temperate areas than 
is true of the exposed land flora. For marine plants this is ac- 
centuated by relatively warm currents which encroach upon other- 
wise cold areas. Consequently it is helpful to consider the algal 
flora in a less restricted sense than that of the land and to include 
for comparison areas ordinarily considered at most subarctic. In 
spite of this less sharp delimitation of an arctic flora as respects 
algae, freshwater aquatic plants, such as potamogetons, myrio- 
phyllums and utricularias, reach their northern limits at relatively 
low latitudes on the West Greenland coast, and in the sea Zostera 
disappears a little north of the southernmost portion. Thus the 
considerable aquatic animal life found farther northward depends 
on the algal flora—on the large attached species, on the smaller 
ones which are primarily bottom dwellers, and particularly on the 
phytoplankton. This last category is discussed in part III of this 
series. 

MARINE ALGAE 


REPRESENTATIVE FORMS 


There are several major groups of algae, ten or twelve, depend- 
ing on how the relationships are interpreted. In this account we 
will have occasion to refer to about six, since some groups, ill- 
enough known in more accessible areas, are essentially unknown 
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from arctic waters. The bottom vegetation of the sea includes 
numerous small forms as well as intermediate ones, and culminates 
in the great rockweeds and kelps up to several meters in length 
which are so conspicuous a feature of northern shores. We shall 
hardly concern ourselves with the microscopic marine species, most 
of which are diatoms. 


, 


MYXOPHYCEAE, or “ blue-green algae ’’, constitute the least con- 
spicuous group of arctic marine algae, the group to be expected 
highest on the shore, in the splash zone above high tides and be- 
tween high and low tides, but rarely below low tide level. The 
commonest are forms like Calothrix and Rivularia, filamentous and 
microscopic as individuals, the colonies of which comprise blackish 
or dark blue-green velvety or gelatinous crusts of considerable ex- 
tent on stones or woodwork. There are a few others which barely 
discolor the rocks, and in places Hyella which lives in and dis- 
colors the substance of mollusk shells. In general, however, the 
marine blue-green algal flora of the Arctic is a sparse one. 


CHLOROPHYCEAE, or “ green algae”, also are sparingly repre- 
sented. They are plants ordinarily requiring a maximum of light 
consistent with submergence, and so are peculiarly susceptible to 
the long periods of darkness and the added ice and snow cover. 
Since they prefer an intertidal habitat, they are subject to the 
abrasive action of ice and consequently are generally scarce in the 
Arctic and inconspicuous wherever moving ice occurs during the 
growing season. However, in some districts the large club-shaped 
cells of Codtolum form a close, slippery, dark-green coating on 
stones. The Ulvales are quickly growing forms and can come into 
prominence rapidly after the ice moves offshore. Of them we have 
two types, the tubular enteromorphas, of which several wide-ranging 
species are present, and the broad flat blades of Ulva and Mono- 
stroma, the latter being relatively more prominent than in warmer 
seas. The filamentous green algae are represented by the minute 
Ulothrix, which may accompany Calothrix on the rocks, and the 
large bushy types Chaetomorpha and Cladophora, reaching a deci- 
meter or more in height, which chiefly grow in protected shore 
pools and on littoral or sublittoral rocks. 


PHAEOPHYCEAE, or “ brown algae’’, are very conspicuous in the 
Arctic and exhibit greater variety than the green algae. They 
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ordinarily appear almost exclusively in the littoral and immediate 
sublittoral zones. Probably because the others can not withstand 
ice action well enough, the Fucaceae or rockweeds alone persist in 
this zone in any quantity, chiefly toward the south. Widespread 
Ascophyllum is one of the genera present, and the others are 
chiefly members of the genus Fucus which is represented by sev- 
eral species. 

In contrast, we find bushy filamentous genera, such as Ectocar- 
pus and Sphacelaria, and even some microscopic epiphytes, for ex- 
ample, Myrionema. There are also, chiefly in the upper sublittoral, 
a number of wide-ranging plant forms, such as crustose species of 
Ralfsia, narrow strap-shaped foliaceous blades (J/ea and Punctaria), 
unbranched tubular species (Scytosiphon), soft and branching 
submucus types (Aegira, Mesogloia) or slenderly branched firmer- 
textured bushy genera of larger growth (Dictyosiphon and Des- 
marestia). 

The final conspicuous group of brown algae are the kelps. These 
are quite varied in aspect, and, while they occasionally grow in 
the lower sublittoral, they are more often forced down into deeper 
water in northern seas, where their relatively long-lived blades and 


holdfasts may not be destroyed by the ice. The genera include 
especially Laminaria, stalked blades which are simple or cleft and 
often two to several meters in length. Also often present are 
Agarum, with a simple ribbed blade with many perforations, and 
Alaria, likewise with a midrib but instead of the distinguishing 
holes having at maturity many little fertile leaflets at the base of 
the blade. 


RHODOPHYCEAE, or “ red algae”’, are distinctly less conspicuous 
on northern than on southern shores, and the plants are fairly well 
restricted to the sublittoral. Many are of the form categories de- 
scribed for the brown algae. The broad blade-like types are not 
numerous ; a few are present and vary from the delicate brown or 
violet-red blades of Porphyra to the larger, coarse, forking red 
blades of Rhodymenia which may become a meter or more long. 
Of the tubular types there are still fewer, but branched forms of 
Halosaccion and Dumontia are examples. Bushy filamentous spe- 
cies are more numerous, the moderate-sized, exceedingly delicate, 
rosy tufts of Callithamnion contrasting with the large coarse ones 
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of Ceramium rubrum or the minute ones of Rhodochorton, a few 
millimeters high. Finally, we have the crustose species, not well 
represented in the green and brown algae. Hildenbrandia forms 
a thin orange-red coat on stones in the littoral, while the opaque 
pink calcified crusts of various lithothamnioid types, smooth or 
raised into papillae or short bushy branches, form masses one or 
two decimeters in diameter which, while they do not produce 
‘“ nullipore ” reefs as in the tropics, sometimes grow in conspicu- 
ous quantities at considerable depths in less extreme northern 
waters. 


FACTORS CONTROLLING THE VEGETATION 


The marine flora of the Arctic is very simple and the types 
present are similar around the whole circuit. The species on the 
coasts of northern Asia and northern America are much the same, 
so we are not faced with the analysis of historical and current 
conditions which have produced notable differences in continental 
floras. On the other hand, the obvious conditions which may be 
of importance in controlling abundance of the algae are well worth 
review. In the following discussion the term “ arctic algae” will 
refer to types characteristically though perhaps not exclusively 
found in the Arctic. The only comprehensive account of these 
plants and their distribution yet attempted is “ The Algae of the 
Arctic Sea” (Kjellman, 18835), though Simmons (1905) has 
more recently compared the floras of the sectors in detail. Doubt- 
less there are numerous factors which exercise a locally limiting 
effect on the flora. About some of these we may be unaware, 
while others operate much the same as in temperate regions. Two 
factors, light and temperature, are of special importance in the 
Arctic. 


LIGHT. The first and most striking of the influential environ- 
mental factors is light. North of the Arctic Circle the summer 
season has continuous light, but, because of its obliquity, the light 
is not continuously effective under water for photosynthesis. How- 
ever, these plants are far more adapted to use light of low intensity 
than land plants, and in the Subarctic they make a seasonal growth 
comparable with that of similar species in temperate regions. In 
the Arctic annual species are less successful ; perennial species have 





368 THE BOTANICAL REVIEW 


the advantage of several growth periods and a long reproductive 
period, especially during the dark winter (Svedelius, 1906). It is 
not surprising that they can manage with a long light period; 
adjustment to the long dark winter is a much more impressive 
adaptation. Remembering that oblique illumination from low light 
near the horizon is not very effective under water, we see that the 
marine algae when submerged live in the dark for much of the year 
or in dim light of an intensity much below that which shoal-water 
species prefer. Furthermore, penetration of light to the algae is by 
no means unimpeded. Far beyond the arctic night the persisting 
presence of ice cuts down the light to minute proportions, for the 
thick shore ice, fortified by overlying snow, is an effective block. 


TEMPERATURE. Unfortunately, it is hard to be certain what tem- 
perature prevails at the time and place where growth occurs. For 
plankton it is relatively easy. Surface temperatures are known for 
the Subarctic and much of the Arctic; they range from an average 
of about 7° C. at the surface in summer to 3° C. in winter near 
Nordkapp, but farther north the average temperatures drop, espe- 
cially the winter temperatures which generally run well below 0° C. 
Temperatures at various depths, too, are known for many locali- 
ties, and we know that the cold generally increases with the depth 
(though the range is relatively slight), to about -1.5°, rarely to 
about -3.0° C. Kjeliman states that the temperature at the depth 
where the richest algal vegetation occurs usually does not exceed 
0° C. at any time of the year. 

However, algae, especially non-plankton algae, are much better 
adapted to growing at low temperatures than other plants, and in 
any case in summer the actual growing temperatures for the shal- 
low-water species (but not the deep kelp beds) may be considera- 
bly above the surface reading for the open sea. The fact that the 
winter temperatures, when these species are encased in ice, may 
be considerably lower, seems less iniportant, for many algae may be 
frozen and survive a remarkable degree of cold. Even when the 
chief vegetative parts are destroyed, regeneration may be possible 
from holdfasts, or spores and sporelings may persist. In the dis- 
cussion of the algal flora of the northern coasts, it will be found 
that temperature is not simply correlated with latitude, but that 
ocean currents alter conditions over large areas. 
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TOPOGRAPHY AND SUBSTRATE. The nature of the coast, both in 
configuration and in its structural materials, has much influence on 
the algal vegetation. Where the shore is deeply dissected, as on 
the west coast of Greenland and in Spitsbergen, the action of drift 
ice is least, and littoral vegetation is favored. Off-lying island 
chains or archipelagos serve much the same function. Where the 
coast is open, as along much of Siberia and America, it is subject 
to destructive ice action. The presence of durable rock formations, 
such as granites, down to and below the littoral, greatly favors 
algal development. Sandy or muddy shore lines obviously contra- 
indicate algal abundance, but so do schists, shales and sandstones, 
producing an unstable anchorage. The chemical nature of the bot- 
tom is also probably significant, but a sound basis for discussion of 
this does not yet exist. Kjellman considers the matter in doubt, 
but much experience on temperate and tropical shores has con- 
vinced the writer that some hard rocks of suitable texture, in areas 
of good salinity and where good wave action assures aeration, are 
nevertheless unable to support material algal populations. 


SALINITY. Salinity is another very important factor affecting 
growth of marine algae. Most species are intolerant of any con- 
siderable dilution, or increase above the normal of the open sea. 
The Arctic is less variable in this respect than many other areas. 
Increase in concentration is not a problem in this region of low 
temperatures and long periods of dark. Dilution is not marked 
over much of the Arctic, but there are some countries, such as 
Siberia, where the discharge of great rivers does affect the salinity 
over wide stretches of the coast. As examples of tolerant genera 
we may cite Enteromorpha, Ulva and Fucus, the first so adaptable 
that it can even be established in fresh water, and all well known 
in brackish water and deep river-fed bays. These genera are 
among the widest-spread in the Arctic, when ice conditions in the 
littoral permit. 


FLORAS OF VARIOUS REGIONS 
Western Soviet Arctic 


Having discussed the conditions under which arctic marine algae 
grow, it is now necessary to select a starting point for a circuit of 
the Arctic and an evaluation of the vegetation and controlling con- 
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ditions in each sector. The area between Baffin Bay, Spitsbergen 
and Norway being by far the richest and best known, and most 
continuous with a more temperate flora to the south, it is decided 
to leave this to the last, and to start the discussion with the condi- 
tions on the coast of the U.S.S.R. farther to the east. Here we 
find considerable differences, for the flora of the Barents Sea area 
resembles that of northern Norway and Spitsbergen, while that 
to the east of Novaya Zemlya is somewhat different. On the 
whole, the northern Soviet coast is relatively unproductive. The 
open character of the coast line gives little protection, and the rock 
character is nearly everywhere unfavorable. The numerous great 
rivers which discharge into the Arctic Sea along this line tend to 
reduce the salinity of the surface water. This is especially marked 
in the eastern part of the Kara Sea and the western Siberian Sea 
where the salinity down to the level where the algae would grow 
is essentially less than the proportion characteristic for the Arctic 
or suitable for a general flora of marine algae. These rivers also 
affect the temperature of the water, as during a good part of the 
year they are warmer than the sea, with the result that the surface 


inshore water is not only less salty but decidedly warmer than that 
offshore. The tides are not great, being extremely slight in the 
eastern part, but somewhat greater about Novaya Zemlya, where 
they produce violent currents in the Matochkin Shar strait, which 
separates the islands, with accompanying severe ice action. Our 
knowledge of this district is very incomplete, and we know details 
regarding only Novaya Zemlya and parts of the Kara Sea. 


MURMAN SEA. We have little special record of the algae of the 
westernmost shores of Russia (former Petsamo district of Fin- 
land), probably only the brief references of Hayrén (1928). The 
flora is probably not distinct from that of Norway to the west, or 
from the Barents Sea and White Sea floras which reach their 
fullest development to the east. The Murman Sea shows the 
transition from the rather rich flora of the Norwegian Polar Sea, 
with its prominent littoral rockweeds and other types, to the sparse 
flora of the Siberian coast, which lacks significant littoral vegeta- 
tion. When we compare the list of species we find that the chief 
characteristic is a reduction in the variety, for, by Kjellman’s list- 
ing, the Murman Sea flora is much less than half as rich as that of 
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northern Norway. There are a few new types, perhaps a score, 
but these do not much reduce the loss. In the western area and 
the White Sea the fuci are still prominent, though Himanthalia and 
Halidrys are gone; but in the eastern area, Ascophyllum and Pel- 
vetia have left the flora, only two species of Fucus remaining in- 
stead of the eight or nine which, according to his classification, 
occur in Norway. Though still in the flora, Rhodymenia has 
shifted to a sublittoral habitat. Certain other forms become more 
prominent. We find Ralfsia deusta widely distributed and form- 
ing brown crusts on the rocks, while Pantoneura, Halosaccion and 
Euthora become common and luxuriant. The more truly arctic 
additions to the flora do not appear in the White Sea and western 
areas, but instead in the east, with the advent or marked increase 
in the prominence of Haplospora, Saccorhiza lorea, Laminaria ni- 
gripes, L. fissilis and Sarcophyllis, and the presence of destructive 
ice action which presages the shifting of the brown algal flora into 
deep water, as its constitution shifts from a rockweed-dominated 
to a kelp-dominated list. 


NOVAYA ZEMLYA. Kjellman (1877c, 1883b) and Sinova (1929) 
have made the most significant contributions concerning this area. 
A sparse literature in Russian, to which some references have ap- 
peared in Sinova’s work, is unfortunately unsummarized and not 
readily accessible. The algal flora is poor in variety and very de- 
ficient over much of the coast, being richest in the western and 
Novaya Zemlya areas. Sinova reports 123 species of marine algae 
for Novaya Zemlya and nearby shores—far more than are re- 
ported by Kjellman. The northeast coast is relatively inaccessible 
and is glacier-bordered. However, the coast immediately northeast 
and northwest of Matochkin Shar has proved unexpectedly rich. 
The littoral was nearly bare, with some Urospora high on the rocks 
and Enteromorpha a little lower down, but at the lowest littoral 
level some dwarfed fuci, Chordaria and Pylaiella appear. In the 
sublittoral are the kelps; two laminarias, three alarias, Saccorhiza 
lorea (which was luxuriant at 77° N. latitude), a form of Poly- 
siphonia, two delesserias, and a species of Phyllophora alone were 
common, but in some places lithothamnia were also frequent. Of 
this list, only Saccorhiza lorea (if distinct from S$. dermatodea) is 
probably strictly an arctic plant, and there are few strictly arctic 
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among the less notable species. There are no prominent species 
peculiar to these islands or indeed to the whole Siberian mainland 
coast. 


KARA SEA. In the western part of the Kara Sea, Euthora, else- 
where a minor floristic element, becomes abundant. The chief 
peculiarity of the Siberian kelp flora east of Novaya Zemlya is the 
change in the alarias, as 4. membranacea and A. pylaii are replaced 
by A. dolichorachis, A. elliptica and A. oblonga. There are a few 
species lacking on the American side which are present here, but 
they are represented in the northern Norwegian or Spitsbergen 
floras. Along the Siberian coast littoral algae appear to be nearly 
absent, and kelps, even in rather deep water, are seldom met with. 
Conditions are somewhat better than usual in the eastern parts 
of the Kara Sea at Taimyr Island and east of Cape Bolshoi Bara- 
nov in the East Siberian Sea. 


Eastern Soviet Arctic 


With the approach to 170° W. longitude and Bering Strait, one 
is tempted to look for a major change in the flora, for, if most of 


the plants so far met have been of North Atlantic affinities, here is 
the possible point of dispersal of a major North Pacific element. 
No such change occurs. The prominent elements in the marine 
flora continue the same. Inspection of Kjellman’s list shows no 
conjunction of northern Pacific, Siberian and northwestern Ameri- 
can records except of very wide-ranging types, and the list of Col- 
lins (1927a) offers only Chondrus affinis, Pterosiphonia bipinnata 
and Rhodomela larix as northern Pacific forms which occur in the 
American Arctic but not the Siberian. Of course, the field work 
in this territory has been altogether inadequate, but so far as the 
records go there is little to suggest a spread from the Pacific into 
the Arctic or vice versa. A close study of the flora and vegetation 
on both sides of Bering Strait from the latitude of St. Lawrence 
Island northward is sorely needed to define sharply the limits of 
the floras. We do know that the algal floras of the Okhotsk Sea 
(Ruprecht, 1851), Kamchatka (Sinova, 1933) and the Gulf of 
Alaska (Saunders, 1901) clearly have their chief relationships with 
the floras to the south, and little in common with the arctic flora. 
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North American Region 


The conditions for algal growth on the American coast toward 
the west are, like those of northern Eurasia, generally unfavorable. 
However, there are no great rivers except the Mackenzie River 
(at 135° W. long.), so the salinity and temperatures are rela- 
tively little affected from this source. The coast is in general open 
and seldom of suitable rocks, so that the substratum is unfavor- 
able. The additions made by Collins (1927a) from the Canadian 
Arctic Expedition raise the American records slightly, but this 
coast and that of Siberia still seem to possess the poorest floras of 
the Arctic. As the stations investigated are ill-distributed to repre- 
sent the whole coast, we note the need for detailed study, espe- 
cially by dredging, e.g., in Kotzebue Sound, east and west from 
Point Barrow, west of the Mackenzie Delta, and east to both the 
north and south shores of Amundsen Gulf, where the stations in- 
vestigated by Collins end. What may occur to the north on the 
many great islands is practically unknown. It is not until we pass 
Melville Peninsula and have the contrast of the subarctic Hudson 
Bay to the south and Baffin Bay to the north, that substantial in- 


formation regarding the marine algae is again available. 


HUDSON BAY AND HUDSON STRAIT. Although from its latitude 
Hudson Bay cannot be considered arctic, its connection with the 
Atlantic is through the arctic algal zone, and its poverty of oppor- 
tunity for the growth of algae resembles much of the Arctic. The 
literature available is not extensive. Setchell and Collins (1908), 
in a short paper, and Howe (1927) and Whelden (1947) report 
on the Canadian Arctic and allied materials. The first paper 
dealt with 28 algae in material from Depot Island in the north and 
James Bay in the south; Howe had material from James Bay and 
as far north as Richmond Gulf on the eastern side, so that he 
was able to increase the total to 61 species and varieties—about 
a fourth as many as occur in Baffin Bay to the northeast. There 
is little information about luxuriance, most of the material having 
been altogether fragmentary, but the writer, from this and other 
sources, gathers that the character of the shore and bottom is gen- 
erally soft and not suitable for good algal development. One notes 
a scarcity of kelp, Chorda and a fragment of Alaria alone being 
recorded, and only one kind of Fucus. Most of the material was 
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secured by dredging, and some shallow-water types (Sphacelaria, 
Pylaiella, Chordaria, etc.) occurred at the surprising depth of 18 
meters. A few plants, hitherto absent in our circuit, presage the 
appearance of North Atlantic and northern Norwegian algae. 


LABRADOR AND NEWFOUNDLAND. Information regarding the sub- 
arctic flora of Labrador and Newfoundland is scanty. The Labra- 
dor Peninsula is represented by one paper (Farlow, 1886) dealing 
with the Ungava Bay algae of L. M. Turner and the Howgate 
Polar Expedition algae of L. Kumlien from nearby. The records 
are for the most part of types common to the Arctic, including 
about 30 species, among which kelps are chiefly represented by 
Alaria. Newfoundland many years ago was studied by De la 
Pylaie, and his classical observations (1824, 1829) remain the last 
catalogues, too old by far to be currently useful. The flora is sub- 
arctic in general, but several typically arctic species, such as Poly- 
siphonta arctica, occur there; we badly need a modern study, par- 
ticularly of the northeastern portions. 


BAFFIN BAY AND WEST GREENLAND. The Baffin Bay area repre- 
sents one of the richer algal districts of the Arctic. Northward 
from Hudson Strait on the American side, the shore of Baffin 
Island is considerably dissected which favors algal growth, and 
the dissected shore line of Greenland extends even farther north. 
The American side has been very little studied, but there are a few 
recent reports for Baffin, Devon and Ellesmere Islands, especially 
those of Rosenvinge (1926), Lund (1933) and Whelden (1947). 
The south coast of Ellesmere Island frequently has a soft bottom 
in the fjords and algal growth is poor, but in Smith Sound the bot- 
tom is rocky and supports good vegetation ; however, good littoral 
vegetation has not been reported anywhere. Laminarias appear 
as far north as Flagler Fjord (79° 04’ N. lat.). 

The Greenland side is quite well known (Rosenvinge, 1893, 
1898a, b, 1926; Lund, 1933). The algal flora is an extension of 
the cold North Atlantic types, with many species omitted and sev- 
eral more truly arctic ones introduced; the numbers of the arctic 
and of the North Atlantic kinds are about equal, the subarctic ele- 
ment being somewhat greater than either of the others. Consider- 
ing the small amount of coast involved, the last-mentioned is richer 
than might be expected. Hard rocks help support the algal popu- 
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lation, and there is open water on the West Greenland coast for a 
considerable annual period quite far to the north, with fairly high 
tides. In spite of the ice and tidal action, the dissected Greenland 
shores favor littoral development oi fuci, anc these abound unusu- 
ally far to the north. Arctic alarias and laminarias occur as far 
north as Upernivik (nearly 73° N. lat.) and have been found loose 
on Bjgrling Island far from the mainland (76° 43’ N. lat.). At 
Foulke Fjord (78° 18’ N. lat.) there has been reported a littoral 
Enteromorpha zone and at the low tide line a continuous belt of 
Fucus, with two species of Laminaria in deep water. 

The flora of the Baffin Bay area is clearly related to that of the 
American coast to the south, and to that of Iceland to the east. 
Currents from Iceland sweep around the south coast of Greenland, 
then curve to the north, before swinging toward Labrador and the 
south. In Baffin Bay and Davis Strait the currents therefore tend 
to flow south and would not be expected to bring American algae 
into the area; under conditions as obtain at present, forms from 
Iceland and the east might perhaps reach the boundaries of the 
territory, but it is more likely that the similarity of the Baffin Bay 


flora to the vegetation of the south is due to spread from the north 
than vice versa. 


EAST GREENLAND. East Greenland would seem much less hos- 
pitable to algae than West Greenland, for the pack ice is driven 
against the coast by the current from the Greenland Sea, deflected 
by the warm current tending northward from the North Atlantic. 
There was little information available from the early arctic re- 
ports, but we know considerably more now, and the flora as re- 
ported appears only about one-eighth poorer in the east—for which 
the lesser proportion of brown and green algae, forms growing in 
shallow water, may account. The coast is now well surveyed in 
a preliminary way, for Amdrup’s Expedition (Jénsson, 1904) 
carried the stations to 74° 32’ N. latitude, while the Scoresby 
Sound Committee’s 1932 expedition, and the Danmark Expedition 
of 1906-08 (Rosenvinge, 1910, 1933) carried them from about 
68° to 76° 30’ N. latitude, near Danmarks Havn, but with notes 
from farther north. At Lake Fjord in the south (66° 21’ N. lat.) 
there is a very good littoral development of fuci and kelps, but the 
fuci grow a few meters below low tide line instead of in the littoral, 
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and the kelps are still lower. There is good vegetation of litho- 
thamnia at considerable depths and of the non-calcareous red algae 
Turnerella, Phycodrys, Phyllophora and Polysiphonia arctica. 
There are about as many species at Danmarks Havn as are known 
from Scoresby Sound (70° 21’ N. lat.), and they are in general 
the same species, although with a few notable omissions, such as 
Scaphospora, Chordaria and Dictyosiphon. The number of North 
Atlantic species is far smaller in northeast Greenland, and the 
whole flora is more markedly arctic because of this omission. 

Except for clumps of algae frozen in the ice at Cap Amélie (77° 
32’ N. lat.) and fragments lying on the ice at Hyde Fjord (83° 15’ 
N. lat.) (Rosenvinge, 1910), there were no more northerly marine 
algal records until the paper by Lund (1951) appeared, discussing 
the algae of the Jorgen Bronlunds Fjord branch (82° 10’ N. lat.) of 
Independence Fjord, where 21 determinable species were growing 
at depths of eight to 30 meters. All of these had previously been 
found in East Greenland, and most of them also occur in West 
Greenland and northeastern North America, the notable exceptions 
being Punctaria glacialis and Litosiphon groenlandicus, but for all 
of them these are the northernmost records. Indeed, except for 
algae cast ashore (Floeberg Beach, Ellesmere Island, 82° 27’ N. 
lat.) (Dickie, 1878a), these are the most northerly records of ma- 
rine algae in the whole Arctic. The area seems to be ice-free only 
from the middle of July to the beginning of September. No algae 
were found growing in the littoral. They occurred on a bottom of 
mud, but attached to worm tubes or perhaps other objects, most 
richly at eight to nine meters depth. The most abundant alga was 
Phyllophora brodiaei f. interrupta, characteristically subarctic and 
arctic. 

Northern Europe 


ICELAND. Iceland, lying close to eastern Greenland as it does, 
presents sharply contrasting conditions for algal growth. The 
north coast is highly dissected but receives from the northeast the 
cold Greenland Sea current bringing the pack ice south in summer. 
The south coast is simpler and receives the remnant of the warmer 
current coming north from the mid-Atlantic, which tends to deflect 
the ice westward toward Greenland. As this is a long-settled 
community with relatively accessible coast, its vegetation is per- 
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haps better known than that of any other northern area, but the 
algae tend to be less known than the land plants. Stromfelt (1887) 
did the pioneering work, but Bgrgesen and Jonsson (1908) and 
Jonsson (1912) made a thorough study, reporting 200 species, 
with an elaborate analysis of the phytogeographic relationships. 
Where the coast is rocky in Iceland, the rocks are chiefly fissured 
and eroded basalt; sometimes dolerite; sometimes on the south, 
however, volcanic tuff. More than half of the flora (124 species) 
is undistinctive, appearing in all suitable areas on the island. The 
small arctic group of 11 species, including Turnerella, Polysiphonia 
arctica and only Laminaria nigripes to represent the great arctic 
kelp vegetation of Baffin Bay, appear almost exclusively on the 
north and east coasts, where the cold currents prevail and the 
tides are least, being only 0.76 to 2.3 meters in range. Here the 
subarctic elements dominate, as they do in northeast Iceland. 
However, the southwest coast is more boreal, though with a con- 
siderable subarctic element, the warm boreal being represented by 
such genera as Chondrus, Bonnematsonia and Leathesia. This ele- 
ment is barely represented in northern Iceland and is absent in the 
east. Of the south coast the greater portion is sandy and not very 
productive of algae. The southwest coast is rocky and has the 
greatest tides, of 1.2 to 4.3 meters. In the southwest the flora is 
much like that on the small rocky area of the south coast. As a 
whole the flora resembles that of Finmark, with a tendency for the 
eastern flora to resemble that of the White Sea in its subarctic 
character, while that of the south and southwest resembles the flora 
of the Feroes. 


JAN MAYEN. The small arctic island of Jan Mayen, with a very 
inhospitable climate, shows a comparatively well-developed marine 
flora, clearly arctic in dominant characters, which we may piece 
together from the papers of Kjellman (1906), Rosenvinge (1924) 
and others. The collections are not adequate to define the distri- 
bution of the vegetation on the coast. Fuci seem to grow at con- 
siderable depths (about five meters), kelps at five to 20 meters, 
Polysiphonia and abundant Turnerella still deeper at 50 meters, 
and the deepest reported vegetation of Phycodrys and Pantoneura 
at 110 to 118 meters. This seems to be the usual shift in growth 
habit in the Arctic where there is considerable risk of abrasion by 
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floating ice. Kjellman considers the flora to be intermediate be- 
tween that of East Greenland and Spitsbergen, but peculiar in 
several respects, and with a few species which he regards as new 
and endemic. The variety of kelps and the presence of Poly- 
siphonia arctica, Turnerella etc. testify to the arctic character, as 
does the absence of the plants which Jonsson ascribes to the boreal 
groups. 


SPITSBERGEN. The knowledge we have of the flora of Spits- 
bergen rests mostly on the important studies of Agardh (1862, 
1868) and Kjellman (1875, 1877a, 1883), both most expert 
phycologists. These islands lie across the line of 80° N. latitude, 
being mostly below it, while Franz Josef Land lies mostly to the 
north of it, with marine algal flora unrecorded. The shore line of 
Spitsbergen is much dissected, the character of the rocks being 
uneven as regards suitability for algal growth; in great part they 
are of schists and poor, the proximity to the arctic ice fields and 
the position well within the area of drifting pack ice assuring con- 
ditions suitable only for a strongly arctic vegetation. The flora is 
not very poor, though somewhat smaller than that of northern Nor- 
way ; on the contrary, it is much more extensive than that developed 
on the Siberian coast. Certain general features are apparent. 
First, it is rare to find many plants in the littoral, although about 
14 species have been so reported, all sporadically. There are a 
few fairly characteristic groupings in deeper water. One, based 
on Fucus evanescens and Rhodomela lycopodioides, with Polysi- 
phonia arctica and other species, is quite often met at a few meters 
depth. Another, found occasionally at nine to 27 meters depth, 
is based on Lithoderma, associated with Phyllophora brodiaei f. 
interrupta, Laminaria solidungula, etc. In fact, the L. solidungula 
vegetation is common and luxuriant in Spitsbergen. Another feat- 
ure is the occasional presence and apparent continuing growth in 
detached masses on the bottom, often in huge bulk, of normally 
attached species, such as Phyllophora brodiaei f. interrupta, Des- 
marestia aculeata and Kallymenia rosea. 

The relations of the Spitsbergen flora are clearly with that of 
West Greenland and arctic America, not with Siberia, those species 
occurring in common with Siberia being generally forms of wide 
range. Currents bring to the shores of south Spitsbergen large 





CRYPTOGAMIC FLORA OF THE ARCTIC 379 


quantities of debris of southern, often recognizably Norwegian, 
origin, and algal masses such as Ascophyllum bearing Polysiphonia 
lanosa are included, but no boreal element is evident in the flora. 
The fact that the temperature is constantly below even that of the 
northernmost coast of Norway would clearly put such plants at a 
disadvantage. 


THE F#ROES. The Feroes resemble southwestern Iceland in 
flora, but with an even stronger warm boreal element. There is 
still a very small arctic element, and the strong subarctic fraction 
accounts for more than one-fourth of the species, but the warm 
Atlantic current which sweeps around these islands places them in 
a marine climate definitely milder than latitude would suggest and 
gives them a considerable number of warm boreal species which 
are absent from southern Greenland. The sea temperature is re- 
ported to average 5.5° C. in the late winter about Thorshavn, and 
about 10.3° C. in the late summer. The flora has been thoroughly 
studied by Bgrgesen (1902, 1904, 1905a). The vegetation is 
rather luxuriant, with a large intertidal growth of fuci, Porphyra, 
Gigartina and Rhodymenia, while Laminaria and Alaria may even 
be exposed at spring tides. The algal growth here is sufficiently 
rich to promise direct utilization (Bgrgesen, 1905b), as in the 
Orkneys. The Shetland Islands, only a little farther south, lack 
the arctic floral element altogether, and the subarctic element be- 
comes much less important than the warm boreal element, thus 
reversing the situation in the Feroes. 


NORTHERN COAST OF NORWAY. The coast of Norway, lying in 
the latitudes of south and central Greenland, offers a marked flor- 
istic contrast to the latter. Receiving as it does a good measure 
of the warm current from the North Atlantic, which swings around 
into Barents Sea, we find that the southern portion has a very 
distinct boreal character. When Nordland Fylke is reached, a 
quarter of the species are subarctic, and in the northernmost Fin- 
mark Fylke the change is still more marked, so that even Kjell- 
man (1883) considers the whole area north of the Arctic Circle to 
be in the Norwegian Polar Sea, and the adjoining coast of western 
Russia to front floristically on the Murman Sea. To the north of 
the Norwegian Polar Sea is the Spitsbergen Sea which floristically 
is much more extreme in its arctic character. 
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The Norwegian flora clearly has its affinity with the North 
Atlantic flora, but in the cold arctic element may be accounted 
several species, especially in Monostroma, which are not known 
elsewhere. Nevertheless no district in Norway has a fully arctic 
marine algal flora. A special aspect is given to the vegetation by 
the prevalence of Saccorhiza dermatodea which replaces in the 
upper sublittoral the Laminaria and Alaria vegetation of Green- 
land, though these genera are not absent. Several species occur in 
northern Norway which are not found on the more icebound 
shores, and some, like Porphyra amplissima, reach unusual size. 
There is abundance and variety of Fucus species and other rock- 
weeds. 


SUMMARY OF MARINE ALGAL VEGETATION 


The opinion expressed by Kjellman that the arctic algal flora is 
in its distinctive features endemic, evolved and dispersed within 
the arctic seas, seems to have been accepted by most later workers. 
However, Simmons (1905) considers that, after the evolution of 
a Tertiary arctic algal flora, it was largely, or perhaps entirely, 


driven southward by the progress of glaciation, but that some 
representatives afterward moved back. It does not seem that any 
significant interchange with the Pacific has occurred. The fact 
that several characteristic species also occur well down the Ameri- 
can coast suggests more strongly a dispersal from the Arctic in- 
stead of an introduction into it. However, it must be realized 
that this view can apply only to the species, not the genera or 
families to which they belong, which are often very wide-ranging, 
with the time of their introduction into the Arctic or dispersal from 
it accordingly remote. There are only a very few endemic genera, 
and some of these are of doubtful worth. 

Of distinctive ecological aspects, perhaps the intertidal rock- 
weed vegetation so rich in the Norwegian north as well as in deep 
water on more northern coasts, the Lithoderma vegetation and the 
kelp vegetation which is of very wide range in deep water, are the 
best examples. The fact that the vegetation in deep water can 
develop well, even when it is seasonally snow- and ice-shielded, far 
beyond the winter-long night, from even the feeble northern day- 
light, and at temperatures seldom above zero centigrade, is the most 
striking physiological adaptation. Economically there is little 





CRYPTOGAMIC FLORA OF THE ARCTIC 381 


promise of any direct utilization of algae in the Arctic proper, 
where the biological yield must be harvested through the cycle of 
animals in the sea. However, in the Subarctic, wherever the lit- 
toral growth is heavy or the sublittoral accessible, the recent re- 
surgence of utilization of kelp for alginic acid and of red algae for 
various gels may well encourage exploitation. 

The records of northern peoples using seaweeds for food are 
few and unsatisfactory. They have, under starvation conditions, 
been used (Greely, 1888). That people in the tropics use them 
is well known; so do people in temperate regions, notably the 
Asiatics. There is nothing about the coarser arctic species which 
would indicate that they could not safely be eaten, with the minor 
exception, probably, of the desmarestias. Where the elaborate 
preparation accorded them by the Japanese is impossible they could 
simply be boiled with other foods to furnish pleasing bulk and tex- 
ture, and in some cases a modifying flavor. Kelps, Porphyra and 
Chondrus are groups which so suggest themselves. The nutritive 
value is probably small, but this is true of many foods; other vir- 
tues must be given due weight. 


Kjellman (1883) expresses his opinion of the marine algal 
flora in the Arctic very aptly at one point in his discussion: “‘ the 
most prominent features in the general aspect of the arctic marine 
Flora are scarcity of individuals, monotony and luxuriancy ”’. 


FRESHWATER ALGAE 
REPRESENTATIVE FORMS 


Arctic freshwater algal vegetation offers a very different prob- 
lem from that of marine algae. In the first place the expectation 
of different floras in different sectors is much less, freshwater algae 
having, in general, very wide ranges. In addition, one encounters 
the special problem presented by the similarity of arctic and alpine 
floras. Finally, there is much less literature available, and much 
of it deals only with the areas of interest to Scandinavian scientists. 
While many more species are listed, less is told about even the 
most characteristic among them. 

The arctic freshwater vegetation may be expected to be the same 
in all general features, whether in Greenland, northwestern Europe, 
Russia or Alaska. There are reports of endemic species, of course, 
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but these do not appear in any part of the world to play a distinc- 
tive role. Therefore, the important factors are those which produce 
special environmental conditions and so cause a characteristic type 
of flora which may be expected in various parts of the Arctic. 

The freshwater algal genera found in arctic regions differ very 
little from those in milder zones. The difference lies, not in the 
genera or even in the species, but in the way particular types domi- 
nate their habitats. We have the same types of filamentous algae, 
Nostoc, Spirogyra, Zygnema, Cladophora and Rhizoclonium; of 
unicellular genera such as Gloeocapsa and Cosmarium; of diatoms 
and of peridinians. However, in arctic areas among desmids cos- 
mariums are disproportionately common, and many of the “ arctic ”’ 
species of desmids lie in Cosmarium, whereas euastrums and some 
others are relatively scarce. Indeed, it is only in the specialized 
groups of desmids that much prospect exists of designating phyto- 
geographic areas (Boldt, 1887). 

Algae may notably color damp rocks and soil because of per- 
sisting humidity. On the snow they produce the red, green and 
brown conditions so often noted in accounts of travel in mountain- 
ous and arctic lands. We know little of an exact quantitative 
nature regarding the productivity of arctic lakes, but we do know 
that in many subarctic areas the fish production of lakes and 
streams is very generous, and that the algae of the subarctic re- 
gions are largely responsible for this. Where the lakes are too 
shallew for production of major fish, algae and submerged mosses 
and vascular plants (often not true aquatic genera) will serve as 
the food source for the lesser fauna. Freshwater algal habitats 
may be divided into several categories, for they are responsive to 
many factors, such as temperature, aeration, pH, available calcium 
or nitrogen, and light. As these factors have been little studied in 
the Arctic, we had best confine ourselves to a brief mention of a 
few characteristic aspects. 


ICE AND SNOW FIELDs. First, let us consider the ice and snow 
floras. These have chiefly been studied in alpine and subarctic 
areas (Wittrock, 1883; Kol, 1942, 1944), but the observations 
may be extrapolated to arctic situations. Since ice and snow or- 
ganisms can not be studied well except in the living state, and few 
explorers in the Arctic have taken such care as to do this, our best 
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knowledge of them comes from the snow fields of mountainous 
parts of Alaska, Switzerland and Scandinavia. Comparable condi- 
tions in general prevail in the Arctic, and the at least seasonal con- 
tinuity of habitat has tended to a general distribution of the algae 
concerned, producing a similarity of ice and snow floras wherever 
any are known, although there are a number of different species in 
the Antarctic. 

The classical organism concerned in coloring snow is Chlamy- 
domonas nivalis which most often causes red snow and is well 
known in the Arctic. On old snow fields, resting cells of this plant 
growing near the surface are sufficiently abundant to color it, even 
to a conspicuous pink. Obviously, it multiplies at about zero centi- 
grade. Other red-snow algae are found, as C. sanguinea and 
Smithsoniomonas abbottt. Characteristic organisms produce green 
and yellow snow, as Scotiella. Organisms characteristically form- 
ing an ice flora in lieu of one on snow are Ancyclonema and Meso- 
taenium, producing a purplish-brown color, the former in particular 
being reported from Greenland. Numerous other species are minor 
but normal constituents of the snow and ice floras, which are by 


no means inconsiderable sources of organic matter, involving, as 
they may, great areas. In the Arctic the long periods of darkness 
probably limit growth more than the cold. 


WET ROCKS AND GROUND. Secondly, we may consider the flora 
of wet rocks and ground. These organisms are sometimes provided 
with gelatinous sheaths and so become resistant to drying, but the 
climate of much of the Subarctic and Arctic in summer favors 
algal growth in such situations. Daytime surface temperatures rise 
rapidly ; the stones lose heat slowly in the evening. There is often 
abundant water from springs, bogland, melting snow, etc. On 
stones, red coloration may be due to Gloeocapsa, blue-green to 
Phormidium, and grass-green to Rhizoclonium. One of the notable 
features of subarctic and arctic puddles and wet ground is the de- 
velopment of Nostoc, especially N. commune colonies, which have 
appeared in collections from many countries, including many seen 
by the writer from Arctic America. 


STREAMS. Thirdly, there is the flora of streams. In great part 
the elements will be like those of alpine districts and somewhat 
different from those of temperate countries. Notable features are 
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the production of abundant brown gelatinous unpleasant-smelling 
streamers of Hydrurus and of flat green blades of Prasiola fluvia- 
tilis. We may even have Batrachospermum tufts, e.g., in Green- 
land. Bordering the brooks and rivulets, Mougeotia, Zygnema, 
Vaucheria and diatoms may form green or brown mats. 


LAKES. The floras of deep lakes and of shallow ones may differ 
markedly, particularly in the more arctic stations, as the shallow 
ones tend to thaw more rapidly and completely. The algal flora in 
these shallow ponds is often inconspicuous, and it may require close 
inspection to see that the bottom is completely covered with a liv- 
ing carpet. The margin, usually subject to some variation in sub- 
mergence, may support a dense dark-brown felt of Stigonema or 
Scytonema which may extend out over the bottom. However, 
here the vegetation is often in the form of a nondescript sludge 
which, if carefully examined, will prove to be largely of gelatinous 
unicellular algae, chiefly blue-greens. When such ponds are con- 
tinuously exposed to sunlight they become quite warm, favoring 
such groups of algae. 

The algae are entirely able to withstand freezing and to take 
advantage of even a few hours of thawing for rapid growth 
(Hayrén, 1929). In fact, a thin ice cover probably does not in- 
hibit growth, though full encasement and darkening by winter snow 
no doubt ends activity for a season. It is not known just which 
species can withstand freezing in the vegetative state, and to what 
degree. One notes in alpine areas a massive development of 
Zygnema aplanospores but commonly complete absence of zygo- 
spores, suggesting that the former can well withstand freezing. 

Though net hauls have occasionally been taken, true plankton 
studies of arctic lakes are nearly lacking, and not enough is known 
upon which to generalize. Borgesen and Ostenfeld (1903) report 
on the plankton of one deep lake in the relatively temperate Fzroes. 
It was dominated by the diatom Asterionella, with some Dt- 
nobryon, and with the diatoms Tabellaria and Fragilaria, the 
desmids Xanthidium and Staurastrum (four species), and Sphae- 
rocystis, all frequent on occasion. There is nothing peculiar about 
this. The area is hardly even subarctic, to be sure. Strgém reports 
(1926) various subarctic, alpine and subalpine lakes with similar 
floras in which diatoms, Dinobryon, Sphaerocystis and Anabaena 
were the important plant elements; earlier (1923a), in discussing 
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some larger arctic-alpine lakes, he reported from these a very 
meager plankton flora. 


so1L. The algae of the soil have been studied in both Iceland 
and Greenland. Petersen extended his studies of surface-growing 
(but not submerged) algae (1928b) to an analysis of the sub- 
surface soil of virgin and cultivated areas (1928a, 1935). The 
soil contains in part species more or less peculiar to it, in part 
species that may appear in surface waters. The dampness of the 
soil was found to be a vital ecological factor in Iceland, a much 
larger population developing in damp soil. Exposure to light was 
also important, soil with a heavy moss or phanerogamic cover being 
at a disadvantage. The degree of acidity of the soil and the per- 
sistence of snow cover seemed relatively unimportant. 


FLORAS OF VARIOUS REGIONS 


SWEDISH LAPPMARK. Swedish Lappmark would scarcely de- 
serve consideration were it not for the valuable study of Borge 
(1913) on the northernmost part at 68° 20’ N. latitude in the 
Torne Trask area at about 345 meters elevation. Borge’s account 
of 442 kinds of freshwater algae is exceptionally informative. In 
the snow fields of the area, red snow is reported to be very com- 
mon, as it is in the Sarek Mountains (Strgém, 1923b). Hydrurus 
is reported in several places; desmids are exceedingly varied but 
southern forms are by no means scarce; Pediastrum braunti is 
widespread, but, although stigonemas are reported several times, 
there is no indication that they are striking elements in the flora, 
as they are in high mountains in Canada (Taylor, 1928). The 
Norwegian reports (Strgm, 1921c, 1923a, 1926) are chiefly from 
alpine and southern areas but make the Scandinavian Peninsula 
phycologically very well known. 


SOVIET ARCTIC. The Soviet Arctic has not been well surveyed 
for freshwater algae, and, since even a reconnaissance would require 
far more detailed collecting than for marine algae, the situation is 
very obscure. For the northwesternmost region (formerly Fin- 
land) the flora may be considered subarctic. Cedercreutz (1929, 
1932a) gives the best account. He reports an arctic-alpine ele- 
ment of substantial extent, involving 16 Cosmarium species among 
desmids, and Pediastrum braunu, and he considers that this high 
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proportion of Cosmaria (43 per cent on the Fisher Peninsula) is 
strong evidence of arctic character. In the west-central and south- 
eastern parts of the Murmansk region, the reports given by Kosin- 
skaia (1934, 1936b) deal especially with desmids; the flora is 
rather rich and not particularly arctic, with several species of 
Micrasterias and Euastrum. The desmids alone have been studied 
at several islands and stations near the arctic coast (Kosinskaia, 
1936a), from the Kara Sea to the Bering Sea. The whole char- 
acter is arctic, with no forms of Muicrasterias, few Closteria or 
Euastra, but very many Cosmaria (50 species). 


JAN MAYEN, NOVAYA ZEMLYA AND FRANZ JOSEF LAND. ‘The 
arctic islands of Jan Mayen, Novaya Zemlya and Franz Josef Land 
have all been studied and, like others lying to the south, were long 
ago reported upon (Wille, 1897; Lagerheim, 1900; Kosinskaia, 
1933; Borge, 1899), in some cases by several expeditions, though 
little has appeared recently. Large lakes are not a feature of these 
islands, and so the algal flora tends to be one of wet rocks, marshy 
ground and snow fields, exhibiting little variety. The flora is 
strongly arctic; for instance, on Franz Josef Land, there are, in 


desmids, no species of Micrasterias or Closterium, but many Cos- 
maria, while Prasiola, Gloeocapsa and especially Nostoc popula- 
tions are, as usual, common. 


SPITSBERGEN. Spitsbergen has been well studied by Borge 
(1911). The flora is sharply arctic. Hydrurus and Prasiola flu- 
viatilis are found in streams. On snow fields, Chlamydomonas 
nivalis, Raphidonema and Ancyclonema are reported, producing 
characteristic colorations. Though scarce, Pediastrum braunii is 
reported. Other subaerial prasiolas are reported on rocks. Among 
desmids, Micrasterias is absent, and there is a wealth of Cosmaria. 
The hot springs of Spitsbergen, with temperatures from 20.0° to 
28.3° C. in a latitude of 79° 25’ 30” N., are a special feature of 
the island which has been examined by Strém (1921). They sup- 
port quite a large algal flora, including a local form of Chara aspera, 
a genus otherwise apparently unknown so far north. 


THE F£ROES. Of the Feroes the best account is given by Bégr- 
gesen (1901). On the whole he finds the relations of the fresh- 
water algae to be strongest with the west European flora, except 
in that area of the islands where the arctic-alpine phanerogams ap- 
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pear. Here there is, in desmids, a strong Cosmarium contingent 
of the type common in the North. In streams Hydrurus is com- 
mon, and, even in a subalpine stream, Enteromorpha. Though not 
a feature of alpine floras, in the Feroes, Cladophora forms colonies 
in the lakes. The Sphagnum bogs and Myriophyllum communities 
are rich in algal species. Among notable aerial algae, we have an 
important vegetation of Prasiola on rocks. 


ICELAND. Icelandic freshwater algae have been quite extensively 
studied. The general flora, northern in character, needs little addi- 
tional mention. The most distinctive features appear in the studies 
of the more exposed algal colonies (Petersen, 1928b). In spite of 
the prevailing damp, algae were not evident on shrubs, masonry 
or woodwork. On turf walls Prasiola was common. Among the 
hillocks of the myri, such blue-green algae as Stigonema and 
Scytonema were common. Meadows near the sea that were occa- 
sionally flooded by salt water were commonly covered with Vau- 
cheria, Shady mountain clefts were dominated by desmids and 
diatoms. About the margins of caves there was much Trentepohlia. 
Bird cliffs were not unexpectedly dominated by Prasiola, which 
favors areas besprinkled by bird dung, and by species of blue-green 
algae. Hot springs, as on Spitsbergen, are a feature of the coun- 
try; blue-green algae were abundant in them. 


GREENLAND. Greenland in its southern flora partakes much of 
the character of Iceland and Scandinavia, and space can not be 
spared to discuss it. The more northern portion has been dealt 
with by Bgrgesen (1910) and Petersen (1924), the first with 
samples from about Danmarks Havn (76° 46’ N. lat.), and the 
second from 81° 15’ to 83° 06’ N. latitude, which appears to be 
the northern limit of land samples of freshwater algae to date. At 
76° there was quite a varied flora. The desmids as usual were 
distinctive, with Cosmarium dominating (42 species), Staurastrum 
not far behind, Euastrum (4) and Closterium (2); Micrasterias 
was absent. Common and often large masses of Nostoc commune 
are reported. At the more northern latitude, unfortunately, the 
samples were not made from very suitable stations, and desmids 
were few, but the blue-green algae and diatoms were very well 
represented. Even on the old ice of the fjord, the diatoms were 
freshwater species. Among blue-green algae Nostoc commune 
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again appears, from the border of the inland ice; Gloeocapsa and 
Phormidium are prominent, and, depositing lime on the bottom 
of a stream, so is even Schizothrix. 


AMERICAN ARCTIC. The American Arctic at the time of writing 
(1948) was too little known for a comprehensive report on the 
algal flora. To the southeast we know (Taylor, 1934, 1935) that 
the freshwater algal flora of Newfoundland has quite a few arctic 
species, but the variety of Euastra and Micrasterias found there 
makes it clear that the arctic floral characteristics do not predomi- 
nate. Westward, only Lowe (1923), reporting on Canadian Arc- 
tic Expedition (1913-18) algae from the arctic coast of Alaska, 
gives any substantial report. As was to have been expected, the 
one species of Micrasterias reported was rare, Euastrum uncom- 
mon, but Closterium was represented by several species, and Cos- 
marium dominated as usual (about 40 species), so that the indi- 
cator value of the desmids is again shown. The Nostoc vegetation 
was prominent, as the writer has found it represented also in sam- 
ples from Chesterfield Inlet, Iguliguar Island, Sarpic Island and 
Southampton Island in Hudson Bay; Winter Island to the north; 
Cape Wostenholme, Cape Dorset and Lake Harbour in Hudson 
Strait; and Minto Inlet on Victoria Island. 


SUMMARY OF FRESHWATER ALGAL VEGETATION 


In summary of the freshwater algal distribution, one may say 
that, as far as land is known to go to the north and is even briefly 
exposed by melting of ice and snow in summer, there are suitable 
conditions and a freshwater algal flora. Very little more exposure, 
as at Danmarks Havn and Franz Josef Land, gives a substantial 
variety. On snow and ice there are also varied floras, but very 
specialized and relatively small. These floras are rather uniform 
about the whole arctic circuit, but we do not know much of their 
distribution off the land masses, on the sea ice and on the snow 
which may lie on it. The terrestrial and aquatic algae of the land 
masses also show little distinctive variety in the different geo- 
graphical areas apart from that controlled by local climate. The 
species concerned are seldom exclusively arctic in distribution, 
with some notable exceptions in the desmids. Even here, the most 
distinctive feature is the dominance of Cosmarium and considerable 
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suppression of certain other genera. Among subaerial green algae, 
Prasiola is important. Among blue-green algae we note the abun- 
dance of Gloeocapsa and especially of Nostoc—not in variety but 
of individuals. On the whole one can say that, in terms of reduc- 
ing variety and abundance, freshwater algae are among the slowest 
of plants to respond to the repressioris of the arctic climate. 
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BACILLARIOPH YCEAE 


The Bacillariophyceae, or diatoms (Bacillariophyta), are a group 
of microscopic unicellular plants belonging to the algae. Like all 


other chlorophyllous plants, they manufacture their own food from 
mineral salts, carbon dioxide and water, using energy from sunlight 
absorbed by their green pigments. They occur in all waters, both 
fresh and salt, throughout the world and, except in tropical oceans, 
are among the predominant forms of plant life in regard to quantity. 
They are less affected by adverse conditions than higher plants, 
and some species can survive exposure to a temperature of — 80° C. 
for long periods. Being unicellular, they can multiply rapidly as 
soon as the water they live in thaws. They are particularly abun- 
dant in arctic and antarctic waters and form the starting point of 
the food chains which lead through the smaller marine animals— 
copepods, medusae, pteropods, etc.—to fishes, whales and other 
marine mammals. The rich diatom population is the principal 
reason for the abundant life in arctic seas. 


STRUCTURE. Individual diatoms are one-celled and vary in size 
from about 0.005 millimeter long and about one-third as broad, to 
disks two millimeters in diameter, or rod-shaped forms five milli- 
meters long. In the majority, however, the longest dimension is 
between 0.02 and 0.2 millimeter. Their chief distinguishing feature 
is that each cell has a box-like siliceous exoskeleton known as the ~ 
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“frustule ’. This consists of two halves fitting over each other 
like the top and bottom of a pillbox. Each half is normally made 
up of two parts, the valve, which forms the top or bottom of the 
box, and the girdle, which is the side. Although there is usually 
only one girdle attached to each valve, in some species the valves 
are separated by a number of complete or partial loops. Other 
species have perforate septa across the interior of the frustule in 
a plane parallel to the valve. There may be only two of these, one 
attached to each valve, or many which fit into each other. 

The frustule, especially its valves, is normally covered with 
regularly disposed fine markings in the form of dots, bars or a 
honeycomb. These are cavities in the silica which are usually 
open on the inner side and closed by a fine membrane on the other 
side. This membrane itself often shows fine markings; whether 
or not it is perforate is still undecided in spite of investigations 
with the electron microscope. 

There is great variety in the shape of the frustule and in the dis- 
position and nature of the markings, and a full survey of the varia- 
tions is beyond the scope of this account. Reference should be 
made to the works quoted in the bibliography for more detailed 
information than is given here. Many diatoms have circular valves, 
flat, convex or undulating, and have their markings arranged in a 
radial or concentric pattern. These, together with a number of 
elliptical, triangular or polygonal forms with processes at their 
corners, comprise the order Centrales. In this order also is in- 
cluded the suborder Soleniineae whose long cylindrical frustules 
are usually very feebly silicified and have a complex connective zone 
consisting of many incomplete hoops; their valves are small and 
often markedly excentric. They are all planktonic, and the cells 
unite to form long chains, as they also do in another planktonic 
group, the family Chaetoceraceae, which are elliptical or circular 
forms with long awn-like processes. 

In the order Pennales, which comprises the remainder of the 
diatoms, the markings of the valve are disposed about a longitu- 
dinal line and are thus more or less bilaterally symmetrical. This 
order, which is numerically larger than the Centrales, exhibits an 
even greater variety of shape and structure. The longitudinal axis 
may be straight, arcuate, biarcuate or sigmoid, more or less median 
or markedly excentric, and is often raised on a keel. The outline 
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of the valve varies from the linear to the orbicular and is some- 
times cuneate. 

An organ known as the “ raphe” occurs in some suborders of 
the Pennales. This is a cleft, often oblique or folded, through the 
silica of the valve, and normally lies in the longitudinal axis. It 
usually occurs in both valves of the frustule, but in one family, the 
Achnanthaceae, it is on only one valve. In two large families, the 
Bacillariaceae and the Surirellaceae, the raphe is on a keel and is 
of a rather different structure. It consists of a canal opening to 
the interior of the frustule by a series of pores and to the exterior 
by a fine oblique slit. Only those diatoms which possess a raphe 
can move, a fact which provides strong evidence for the view that 
their movement, a comparatively slow creeping motion, is due to 
the streaming of protoplasm along the raphe. Other theories, most 
notably the presence of cilia, are still put forward but seem less well 
founded. 

The cell content is much less variable than the frustules. On 
the inside of these is a lining of protoplasm which encloses one or 
two large vacuoles. The single nucleus occurs either in the bridge 
of protoplasm separating the two vacuoles or in that lining the 
frustule. Each cell contains one to many olive-green bodies, the 
chromatophores. In general, the Pennales possess large flat chro- 
matophores, usually two in number, while the Centrales normally 
have numerous, small, lens-shaped ones. The olive-green color 
is due to the yellow pigments being present in greater proportion 
to the green than in higher plants. The food reserves are normally 
stored as oil, and a few oil globules are usually present in the cell. 


REPRODUCTION. This is normally by binary fission. When a cell 
divides, two new valves are formed in the old frustule before the 
two halves of the old girdle separate. These new valves, with their 
girdles, form the inner halves of the new frustules, and, since they 
cannot grow after they are formed, one daughter cell is the same 
size as the parent, while the other is slightly smaller. Growth of 
the cell between divisions takes place by the two valves moving 
farther apart. Repeated divisions accordingly reduce the average 
size of the individuals in the population, and it may fall to one- 
quarter of its original figure. 

The original size is restored by a different type of reproduction, 
known as “auxospore”’ formation, in which the cell contents 
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emerge from the frustule and new large-size individuals are formed. 
This is a sexual form of reproduction. Typically two individuals 
come together and, after a reduction division, one, two or four 
gametes are formed in each cell. These gametes fuse in pairs, one 
from each cell, and the resulting zygotes grow rapidly and form the 
auxospores which lay down new larger frustules about themselves. 
Apogamy, in which after the reduction division two nuclei from 
the same cell fuse to form the zygote, occurs in some Pennales and 
is the rule in the Centrales. 

Some planktonic species of diatoms form resting spores. The 
cell contents contract away from the valves at the onset of un- 
favorable conditions and lay down a thick-walled siliceous endocyst 
around themselves. This does not resemble the normal frustule of 
the species; it has no fine markings and usually bears spines. 
These resting spores survive the unfavorable period and germinate, 
producing cells with normal valves, when favorable conditions 
return. 


COLONY FORMATION. Most diatoms live free and solitary lives 
but some attach themselves to the substratum by secreting a gelat- 


inous pad or stalk. In some such forms this attachment forks 
when cells divide, and a colony on a much-branched stipe results. 
Some raphe-bearing species form long, branched, gelatinous tubes 
in which the frustules live. A more frequent type of colony is a 
filament formed by failure of the daughter cells to separate after 
cell division. These are sometimes attached to a substratum by 
their terminal frustule, or they may occur free. Many planktonic 
species form such chains; others form colonies consisting of a num- 
ber of cells embedded in a common mucilaginous envelope. 


ARCTIC HABITATS. In both fresh waters and the sea, there are 
two ecological groups of diatoms—those which live on a sub- 
stratum, and the free-floating plankton. In fresh waters, where 
their growth begins again each summer as the ice and snow melt, 
diatoms form an olive-green to gray-green flocculent layer on the 
bottom and on submerged plants, etc. In sunlight, photosynthesis 
is often so active that bubbles of free oxygen are formed which, 
becoming entangled in this layer, carry lumps of it to the surface. 
All except the smallest bodies of water have their planktonic 
diatom flora, but little is known of the plankton of any arctic lakes. 
Growth of diatoms, both planktonic and bottom-living, is limited 
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to depths shallow enough to permit penetration of sufficient light 
for photosynthesis. This limit depends on the clearness of the 
water and varies from a few meters to more than fifty. 

Diatoms occur not only in practically all permanent bodies of 
water but also in puddles, in which they grow rapidly, and in any 
damp places, such as tufts of moss where they are found in quan- 
tity. Soils in temperate regions usually have a considerable popu- 
lation of diatoms, mostly very small forms. The presence of a 
well-developed diatom flora in Icelandic soils indicates the strong 
probability that one will be found also in the Arctic. 

In general, arctic freshwater diatoms are smaller and have finer 
markings than those of more temperate waters. Individuals from 
arctic localities are not smaller than those of the same species from 
farther south, but the smaller and more finely marked species tend 
to extend farther north than the larger and coarser ones. This 
appears to be a temperature effect, since shallow waters well 
warmed by the sun contain larger and coarser forms than are found 
in colder waters in the same district. However, the chemical con- 
tent of the water, in particular the pH and salinity, is often the 
principal factor determining the diatom flora, diatoms being scarce 
in acid waters poor in mineral salts, and frequent in waters of 
higher pH and salt content. 

Marine diatoms are plentiful along those arctic shores which 
are free from ice in the summer months, growing on the larger 
algae, on mollusk shells, stones, etc., and living free on the bottom 
in shallow water, on the shore between tidemarks, and in rock 
pools—as in temperate waters. In the Arctic, in addition, the ice 
floes support a large diatom population containing many species 
not found elsewhere. 

Diatoms begin to grow on the ice about March. They grow on 
the undersurfaces and sides of the floes, particularly on the ice 
foot, and in pools on the surface of the floes. There they form 
small round patches and, since these, being dark-colored, absorb 
more solar energy than the surrounding ice, they raise the tem- 
perature locally and melt the ice on which they are growing. In 
this way the ice becomes pitted with holes giving rise to the condi- 
tion known as “ rotten ice” to the early whalers. Among diatoms 
from ponds on the ice there are often some freshwater species as 
well as spores of marine planktonic species. The spores are formed 
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in the autumn and incorporated in the ice as freezing takes place. 
The freshwater forms are not in large numbers and have been seen 
only in acid-cleaned preparations. It is accordingly not known 
whether they were living on the ice, and indeed it has been gen- 
erally assumed that they were dead frustules, either blown there 
or present because the ice had formed in a river estuary. The 
water in the pools is often almost fresh, however, and the fre- 
quency of their occurrence suggests that they may be able to main- 
tain themselves there for a time. 

In those parts of the Arctic Sea which are not ice-free during 
the summer, there is little true phytoplankton. However, in the 
leads between the floes, globular aggregations of littoral diatoms, 
often as large as a man’s fist, are found. These lumps, often pres- 
ent in large numbers, contain species of other algal groups as well 
as most of the diatoms found on the neighboring ice, and they ap- 
parently originate from the film of diatoms on the ice. They con- 
gregate at the interface between the salt and fresher water which 
is formed one or two feet below the surface as the ice melts. The 
sudden change of salinity encountered there results in the death 


of their outer layers which become bleached in the later part of 
the summer. 


With the onset of winter any littoral diatoms of the ice fields 
and most of those growing along the coasts become embedded in the 
newly formed ice. All the species are able to survive this, al- 
though the majority of individuals succumb. The survivors pro- 
duce the next season’s crop when light and warmth return in the 
spring. 

The planktonic diatoms fall into two groups. There are the 
truly oceanic types which maintain themselves in open water 
throughout the year. Most of these are discoid forms or species 
of the genus Chaetoceros. The Soleniineae, which are prominent 
in the plankton of most seas, are comparatively rare in arctic 
waters, although a few species are carried by Atlantic water into 
the Greenland and Barents seas. The other group are the neritic 
types, which are incapable of passing the whole year in the plank- 
ton and are found only in coastal waters or near the ice fields. In 
some it is only the resting spores which are not planktonic, but 
others, e.g., Melosira arctica, probably the commonest arctic di- 
atom, can flourish either on the ice or in the plankton. 
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COMPOSITION OF ARCTIC DIATOM FLORA. The freshwater diatom 
flora of the Arctic contains some species peculiar to the region but 
consists largely of forms also common in temperate lands. Many 
found in warmer climates, however, are unable to withstand arctic 
conditions, and hence the arctic diatom flora is less varied than that 
of countries farther south. It is nevertheless quite extensive, and 
more than 500 species of freshwater diatoms have been recorded 
from north of the Arctic Circle. The freshwater diatom flora of 
Ellesmere Island, our present knowledge of which is based on 
only six gatherings, illustrates these points. From there, 72 species 
are known, of which 14 are confined to the Arctic and Subarctic; 
seven more occur elsewhere only in alpine habitats. The remain- 
ing 70% of the freshwater diatoms from this island, which lies 
north of latitude 75° N., are temperate species. Most diatoms 
found only in the Arctic have a circumpolar distribution. Al- 
though many species have wide ranges, the freshwater species 
peculiar to the Arctic have not been found in the Antarctic. 

The marine diatoms present a different picture. The location 
and movement of the principal water masses control the distribu- 
tion of planktonic forms; hence the plankton characteristic of the 
cold arctic water is not normally found outside high latitudes, ex- 
cept when carried southward by such surface currents as the Lab- 
rador Current. Similarly the plankton diatoms of temperate waters 
are carried into the Greenland and Barents seas by the Gulf 
Stream. Many arctic marine plankton species are also found in 
the Antarctic. 

While the diatoms along the coasts of the Arctic Sea include 
many temperate species, most of those on the ice floes do not occur 
outside the Arctic. Again, while some of these forms range 
throughout the Arctic Sea, many have been reported only from the 
region of the great polar drift from the Bering Strait westward to 
northeast Greenland, which accordingly has a richer flora than is 
found elsewhere. Physical and chemical conditions, particularly 
the latter, seem to be the main factors in determining the distri- 
bution of diatoms, and the low and varying salinities of the surface 
waters in the ice fields are not encountered in more temperate seas. 
It is, therefore, not surprising that the diatoms found there are 
peculiar to that habitat. Similar conditions are, however, en- 
countered in the Antarctic, but the flora there is different, and 
very few species are common to the ice of both polar regions. 
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DINOPHYCEAE 


LIFE HISTORY AND STRUCTURE. The Dinophyceae, often referred 
to as the “ dinoflagellates ” or “‘ peridinians ”’, are a class of algae 
which are generally unicellular, although a few filamentous forms 
occur. The majority of them are found in the plankton, either of 
the sea or of fresh waters, and they constitute one of the most im- 
portant elements of the phytoplankton. While typically they are 
pigmented forms with holophytic nutrition, there are a considera- 
ble number which are colorless and holozoic or parasitic. 

The unicellular forms are characterized by the presence of two 
flagella, one of which is directed transversely and often encircles 
the cell more or less completely, while the other is directed longi- 
tudinally. In most genera these flagella are inserted on the side of 
the cell and lie in furrows, one of which, containing the transverse 
flagellum, encircles the cell and is often termed the “ girdle’. The 
longitudinal flagellum is normally directed backward, and hence 
the longitudinal furrow is found on the part of the cell behind the 
girdle, although it sometimes continues forward toward the apex. 
Both flagella are used for progression, their undulating movements 
propelling the organism forward with a rotating motion. 

The chromatophores of colored forms are usually numerous and 
disk-shaped, and dark yellow or brown owing to the presence of 
carotinoid pigments—particularly the dark red peridinin, in addi- 
tion to the green cholorophyll. These chromatophores lie in the 
outer part of the cell where the protoplasm is dense and granular. 
The inner part of the cell is occupied by the large nucleus and by 
one or more vacuoles filled with a sap which is normally rose- or 
salmon-colored. These vacuoles have a well-defined membrane 
and a definite, often spherical, shape. Their function is probably 
excretory. The majority of the genera possess a cell wall consist- 
ing of cellulose, which often is very complex and composed of 
many plates. 

The simplest and most primitive members of the Dinophyceae 
belong to the subclass Desmokontae. In many of these the flagella 
are inserted at the apex of the cell and there is no transverse, and 
frequently no longitudinal, furrow. These are the only members 
of the class in which the longitudinal flagellum is directed forward ; 
they include some without a cellulose wall. In others of this sub- 
class the two flagella emerge from a single pore on the side of 
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the cell and both lie in furrows, the margins of which are often ex- 
panded into wings. When these wings are well developed, the cell 
wall can have a very complex shape, but it never consists of more 
than two portions joined by a longitudinal suture. 

Reproduction is by longitudinal division, and one half of the cell 
wall goes to each daughter cell which in turn lays down a new sec- 
ond half. This subclass is represented in the marine phytoplankton 
of the Arctic by a number of species of Eruviaella and Dinophysis, 
both genera with a cellulose cell wall. In E-xuviaella the flagella 
are apical, but in Dinophysis they are inserted ventrally and lie in 
transverse and longitudinal furrows, respectively. 

The simpler members of the remaining subclass, the Dinokontae, 
also have no cellulose cell wall. In all of them, however, the 
flagella emerge separately on the ventral side; and they all have 
well-marked transverse and longitudinal furrows in which these 
flagella lie. Some of these forms have chromatophores and are 
holophytic. Others are colorless and holozoic, ingesting small 
particles of food by means of pseudopodia protruded from the ant- 
apical part of the cell near the longitudinal furrow. Both holo- 
phytic and holozoic species of this type are found in the phyto- 
plankton of the Arctic, the genus Gymnodinium being the best 
represented. 

Closely related to these are a number of forms which live as 
parasites, mostly on various types of animals, of which planktonic 
copepods are the favorites. In the parasitic stage they occur as 
unicellular cyst-like organisms, either in the tissues of their host 
or externally, and show little evidence of being Dinophyceae. 
Their affinities are revealed, however, by the structure of the motile 
swarmers which they form from time to time. These resemble the 
simpler members of the Dinokontae which have no cellulose cell 
wall. One of this group occurs as a parasite on marine planktonic 
diatoms of the genus Chaetoceros and has been recorded from the 
waters around Greenland. 

Most members of this subclass are forms with a definite cellu- 
lose cell wall. This consists of a girdle, forming the furrow in 
which the transverse flagellum lies, and a series of unequal polyg- 
onal plates, the number and arrangement of which differ from 
species to species. These plates have knife-like margins and are 
firmly cemented together. They are usually pierced by pores which 
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frequently lie in the center of the areolations with which the plates 
of many species are ornamented. The shape of these armored 
Dinokontae varies greatly. Peridinium, one of the commonest 
genera in the sea and fresh waters in the Arctic, is subspherical, 
with an indentation in the region of the longitudinal furrow and 
sometimes two small horns or spines at the antapical end. Goniau- 
lax, another frequent arctic genus, is very similar and differs only 
in the detailed arrangement of the plates. In Ceratium, another 
common marine genus, there are one long apical horn and two or 
three antapical horns of varying length, which may be bent side- 
ways or forward. The length of these horns in proportion to the 
size of the body tends to be greater in tropical species of the genus 
than in those inhabiting colder water, a fact which is presumably 
correlated with the lesser density of warmer water and the con- 
sequent need for more “form resistance” therein. Almost all 


these armored forms are pigmented and holophytic. 

Reproduction in many species of Dinokontae is by binary fission 
during movement. The plane of division is oblique and one flagel- 
lum goes to each daughter cell, the other being regenerated. In 


some armored forms, including many species of Ceratium, the cell 
wall ruptures along a line between definite plates. The exposed 
protoplast assumes the characteristic shape of the species, and the 
remaining plates of the cell wall are gradually developed. In 
others, including Peridinium spp., there is no split, but the new 
envelopes grow over the surface of the daughter cells as they di- 
vide. In many other species division occurs in a sedentary phase. 
The protoplast contracts away from the cell wall and divides 
obliquely in its contracted state. This division may occur before 
or after liberation from the old cell wall which ruptures to allow 
its contents to escape. In some cases the contracted protoplast 
develops a new membrane before liberation from the parental one. 
The thin-walled spherical cysts so formed may act as a resting 
stage of some duration, but usually under favorable conditions they 
divide at once. These cysts differ considerably from the thick- 
walled resting spores with ample food reserves which are known 
in a number of armored freshwater species. These are the means 
by which they survive unfavorable climatic periods. When they 
germinate, the young individual which emerges from the ruptured 
cyst resembles the unarmored members of the subclass, but in time 
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grows a typizal cellulose envelope. Sexual reproduction in this 
group has never been observed, although it is suspected to occur 
in some forms where unusually small unarmored swarmers have 
been seen and interpreted as gametes. 

In addition to these flagellate unicellular forms, there are a num- 
ber of genera of Dinophyceae which are normally non-motile, 
existing either as single cells or as short filaments. Most of these 
reproduce by liberation of biflagellate swarmers with one longitu- 
dinal and one transverse flagellum, and with evident furrows. No 
such forms have, however, yet been recorded from the Arctic. 

For a more detailed description of this class Fritsch (1935) 
should be consulted. Lindemann (1928) also gives a fairly full 
account, together with a synopsis of the genera and their charac- 
teristics, while Schiller (1931-1937) gives descriptions and keys 
of all the species. 


ARCTIC OCCURRENCE. The Dinophyceae are typically planktonic 
organisms. In the sea they play an important part, especially in 
warmer regions, where they make up the bulk of the phytoplank- 
ton. In the Arctic they are less important than the diatoms, but 
they nevertheless constitute an appreciable part of the phytoplank- 
ton. In the spring, before the ice melts, some of the naked forms 
have been found along with other flagellates constituting a not very 
rich phytoplankton in the waters of the East Greenland current 
(Braarud, 1935). Such a community is probably widespread at 
that time of year, but further observations are required before this 
can be established. This flagellate community is replaced by di- 
atoms when the ice melts, and these are often found in great num- 
bers. Their maximum is followed, when the water is warmer but 
less rich in mineral salts, by a phytoplankton dominated by armored 
Dinophyceae, members of the genera Ceratium and Peridinium 
being particularly prominent (Braarud, 1935; Grgntved and Sei- 
denfaden, 1938). The parasitic species Paulsenella chaetoceratis 
is also present in the early summer plankton off Greenland on its 
host, the diatom genus Chaetoceros. It is to be expected that the 
species parasitic on zooplanktonic copepods, etc., will be found 
to be represented in the Arctic also. The total number of marine 
species so far recorded from the Arctic is about 200. 

About ten species of Dinophyceae have so far been recorded 
from arctic fresh waters (Bachmann, 1921; Shirshov, 1935; Van- 
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hoffen, 1897), where they are apparently not a large component 
of the algal flora. Little is known of the conditions which favor 
their occurrence. 


CHRYSOPHYCEAE 


LIFE HISTORY AND STRUCTURE. This class of algae consists 
mainly of unicellular and colonial forms. There are a few fila- 
mentous types known, but none of these has so far been recorded 
from the Arctic. The chromatophores of this class are brown or 
orange, owing to the presence of one or more accessory pigments. 
They are normally large, few in number and parietal in position. 
The food reserves are stored as fat and as a substance known as 
“leucosin ” which forms opaque rounded masses of a whitish color 
and is thought to be a carbohydrate; starch does not occur. The 
protoplasm is alway clear and free from granules. Another char- 
acteristic feature of this class is the formation of silicified cysts. 
These cysts, which are formed within the cell, are approximately 
spherical in shape, with various ornamentations on the surface, 
and with a pore closed by a cone-shaped unsilicified plug. 

There are a large number of motile unicellular flagellate members 
of this class, but very few have been reported from the Arctic. In 
view of the fact that in temperate regions the freshwater forms 
favor cold conditions, occurring most abundantly in the winter 
and in cold mountain waters, this might seem surprising were it 
not for the fact that most of them are so delicate as to lose all 
their distinguishing features on preservation. They therefore need 
to be studied alive. Only two unicellular freshwater forms are yet 
recorded from the Arctic. One is a species of the often colonial 
genus Dinobryon and will be described later. The other is Chry- 
sococcus rufescens, found by Shirshov (1935) in Novaya Zemlya. 
In this latter the cell is enclosed within a rigid spherical envelope, 
leaving a pore through which the single flagellum passes. In age 
the envelope becomes brown by deposition of iron salts. Repro- 
duction is by binary fission, one of the products escaping from the 
envelope as a naked swarmer and forming a new individual, the 
other being retained in the original envelope. 

Two groups of unicellular members of this class are recorded 
from the marine plankton of the Arctic. The Coccolithophorida- 
ceae are represented by about ten species. In this family the cells 
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have an outer membrane, gelatinous at first if not later, in which 
a number of calcified inclusions, the céccoliths, are deposited. 
These vary in shape from genus to genus but are most frequently 
circular. They are often perforated in the center and may bear 
processes on their outer sides which stick out from the cell like 
stout spines. The gelatinous membrane of some species becomes 
calcified with age, so that the coccoliths become embedded in a 
rigid envelope. In this family there are normally two flagella and 
two chromatophores. In reproduction the flagella are withdrawn, 
the protoplasm contracts somewhat, and then divides. In some 
species the division is equal and both daughter protoplasts emerge 
from the parental envelope as naked swarmers; in others it is un- 
equal, the larger protoplast remains within, and only the smaller 
one escapes. 

The Silicoflagellatae are only doubtfully referred to the class 
Chrysophyceae. They possess an internal skeleton made of sili- 
ceous rods. Their chromatophores are yellow or brownish-yellow, 
numerous and discoid. Fat and leucosin are both stated to occur 
as assimilatory storage products. There is a single apical flagellum. 
Little is known of their life history, but reproduction appears to 
occur normally by binary fission. Resting stages with no flagellum 
and a distinct external membrane have been reported. 

Many of the flagellate Chrysophyceae are colonial, the cells being 
grouped in various ways. Three genera reported from Arctic fresh 
waters, Synura, Chrysosphaerella and Uroglena, have spherical 
colonies. In Synura and Chrysosphaerella the cells are closely 
packed. In the latter of these they are uniflagellate, and on each 
side of the flagellum there is a small cup from which a long, hol- 
low, siliceous rod protrudes. There are also small siliceous scales 
in the mucilaginous envelope of the colony. In Synura the cells, 
each of which has two equal flagella, are united by the bases of 
their membranes, and there is no mucilage envelope for the whole 
colony. The envelopes of the individual cells are tough and obovoid 
or ellipsoid. Uroglena has the cells at the surface of a large, 
roughly spherical mass of mucus, and they are usually well sepa- 
rated. In all of these genera the cells have two chromatophores. 
In none of them is the number of cells in the colony definite; di- 
vision of individual cells goes on continuously. Reproduction 
may occur by division of the whole colony or by liberation of 
swarmers. 
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Dendroid ‘as well as spherical colonies are found in this class of 
algae. In the genus Dinobryon the individual cells each possess an 
envelope with a wide mouth and a pointed base. The two flagella 
of each cell are unequal. Some species are solitary and one such 
has been recorded from the fresh waters of Greenland. This re- 
produces by longitudinal fission, one of the daughter cells escaping 
from the envelope and forming a new individual. In other species, 
after longitudinal division, one daughter cell migrates until it is at- 
teched by its base close to the opening of the parental envelope. 
It there lays down a new cellular envelope. Branched colonies are 
thus formed which differ in shape according to the frequency and 
sequence of the divisions. New colonies are formed by liberation 
of swarmers, either after longitudinal division of a cell or by the 
escape of its whole protoplast. In one case fusion of swarmers 
formed by longitudinal division has been observed. Spherical 
cysts with a short projection on one side are formed just outside 
the cellular envelope in many species. By means of these the 
species concerned pass through unfavorable climatic periods. 

Some members of this class are normally amoeboid in structure 
and holozoic in nutrition, revealing their relationships only when 
they produce swarmers of typical chrysophycean structure. None 
of these is recorded from the Arctic. In other forms the normal 
state is a palmelloid one, consisting of large numbers of rounded 
cells embedded in mucilage. The marine planktonic Phaeocystis 
has large mucilaginous colonies with spherical lobes, in the surface 
of which are embedded rounded cells with two yellowish chroma- 
tophores. This type reproduces both by detachment of lobes and 
by liberation of swarmers with two unequal flagella. Another 
palmelloid form is Hydrurus foetidus which occurs in running fresh 
water and has been reported from Greenland. It forms tufts of 
tough mucilaginous strands in which the cells are embedded. In 
each branch there is an apical cell which divides repeatedly. The 
cells are initially spherical but become drawn out and pear-shaped 
with age. Reproduction is normally by swarmers which are formed 
on short side branches by longitudinal division of a series of cells. 
In summer some cells are protruded in mucilaginous projections 
from the surface of the thallus, and these form silicified cysts with 
a broad delicate wing extending around half the periphery. 

Fuller accounts of the morphology and life-history of this class 
of algae will be found in Pascher (1937-9) and Fritsch (1935). 
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ARCTIC OCCURRENCE. Both Coccolithophoridaceae and Silicofla- 
gellatae are characteristic of temperate and tropical oceanic waters, 
and they are found within the Arctic only where the currents bring 
in such waters. One silicoflagellate, Distephanus speculum, is, 
however, comparatively abundant along the coasts of Greenland in 
summer (Bachmann, 1921; Grgntved and Seidenfaden, 1938). 
Phaeocystis pouchetii is associated with diatoms in their spring 
maximum towards the southern limits of the arctic area in the 
Atlantic (Grgntved and Seidenfaden, 1938), although it also is 
typically a temperate form. Dinobryon pellucidum, on the other 
hand, is widely distributed in the Greenland Sea, Davis Strait and 
Baffin Bay. 

The freshwater Dinobryon bavaricum var. vanhoe ffenti was the 
dominant member of the phytoplankton of the lake near Karajak 
Fjord in West Greenland investigated by Vanhoffen (1897). 
Other freshwater members of this class have been listed as occur- 
ring in various localities in Greenland (Bachmann, 1921), Novaya 
Zemlya and Franz Josef Land (Shirshov, 1935), and, though few 
in number of species, they are apparently often prominent members 
of the algal population. 


XANTHOPHYCEAE 


This class of algae, known also as the Heterokontae, is small in 
numbers and sparsely represented in the Arctic by about ten spe- 
cies, of which one, Halosphaera viridis, is a marine planktonic 
form; the others inhabit fresh water. Within the class there are 
motile flagellate forms, unicellular and colonial non-motile forms, 
filamentous forms and siphoneous types. Within each type or 
group of forms, however, there is little range of variation. The 
chromatophores are usually numerous and discoid, and are of a 
yellowish-green color, owing to the presence of an excess of xan- 
thophyll. Starch is absent, and oil is the usual food reserve. The 
cell wall, when present, is rich in pectic substances and often con- 
sists of two overlapping parts. The motile cells have two apically 
inserted flagella of very unequal lengths. The longer of these is 
complex in structure, with many fine side branches. 

In all forms of this class so far reported from the Arctic the 
motile phase occurs only temporarily in reproduction. Halosphaera 
viridis has large spherical cells, most of the interior of each being 





CRYPTOGAMIC FLORA OF THE ARCTIC 415 


occupied by a central vacuole. The chromatophores are numerous, 
flattened and somewhat angular. The pectic cell wall is slightly 
silicified and consists of two equal halves joined at their margins. 
As the cell grows, the membrane is burst open and a new one is 
laid down. Reproduction is by oval or spherical swarmers with 
two chloroplasts. This species is common in Gulf Stream waters 
and is found wherever these penetrate into the Arctic, spreading 
farther as the summer advances. There is some indication that it 
maintains itself throughout the year in the open water of the 
Barents Sea (Wulff, 1929). 

Characiopsis is a unicellular epiphytic form from fresh water 
and has been found in Franz Josef Land (Shirshov, 1935). The 
cell membrane is in two unequal parts and is attached by a mucil- 
aginous cushion at the fcot of a stalk. The mature cells are often 
multinucleate, and zoospores are formed by the protoplasm round- 
ing off around the individual nuclei. They are liberated by the 
smaller upper part of the cell membrane breaking away. 

O phiocytium, recorded from Greenland (Bachmann, 1921) and 
Baffin Island (Whelden, 1947), is another genus which is pri- 
marily epiphytic. It is invariably multinucleate and has the form 
of an elongate cylinder. The cell wall is of two unequal parts, of 
which the larger consists of a series of long thimble-like strata with 
expanded margins. The other part fits over this like a lid and be- 
comes detached when the reproductive bodies, which may be flagel- 
late zoospores or non-motile aplanospores, are liberated. The 
three species recorded from the Arctic are not normally epiphytic. 

Mischococcus confervicola, which has also been reported from 
Franz Josef Land by Shirshov (1935), is another epiphytic form. 
It consists of colonies of rounded cells borne at the tips of more or 
less regularly forked mucilage stalks. The cells contain two chro- 
matophores. Reproduction is by uniflagellate motile spores which 
are formed singly or in pairs within the cells. Non-motile aplano- 
spores are also frequently formed. 

In the genus Tribonema, which has been reported from Green- 
land (Bachmann, 1921), Novaya Zemlya and Franz Josef Land 
.(Shirshov, 1935), the alga consists of unbranched filaments. The 
cells are usually uninucleate and have a number of discoid parietal 
chromatophores. Asexual reproduction is by zoospores with two 
unequal flagella. These are formed singly or in pairs in the cells. 
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Non-motile thick-walled aplanospores are also known. These may 
form new filaments when they germinate, or they may liberate one 
or two flagellate spores. Isogamous sexual reproduction has been 
observed once. Occasionally Tribonema secretes irregular masses 
of mucilage around its filaments and these become impregnated by 
ferric carbonate deposited by bacteria which are thought to be 
symbiotic with the alga. 

Fuller accounts of the morphology and life history of this class 
will be found in Fritsch (1935) and Pascher (1937-9). 
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Only a few short years passed from the time Pasteur made his 
first studies of bacteria until bacteriologists were included with 
the scientists on arctic expeditions. In 1860, Pasteur demonstrated 
the presence of bacteria in air drawn into previously sterilized and 
sealed flasks of broth. This was done by breaking the narrow 
necks of the flasks and allowing air to be drawn in by the partial 
vacuum, after which the bacteria caused fermentation of the broth. 
Eight years later Nystrom (1868) carried out similar experiments 
in Spitsbergen and found the fermentation of the broth to be slower 
there than in temperate regions; this he interpreted as being due 
to the existence of fewer bacteria in the Arctic. From that time 
onward, studies were carried out on many arctic as well as ant- 
arctic expeditions—studies that involved not only the bacteria in 
air, sea and soil, but also those in the intestinal tracts of birds, 
mammals and fishes. 
’ On most arctic expeditions the work of the bacteriologist was 
but a minor part of the scientific studies on the expedition, and 
therefore these investigations have been sporadic and in many 
respects seem to lack purpose. Because of the conditions imposed 
by nature, where, on an expedition, the facilities for study were 
often primitive and supplies of necessity reduced to a minimum, 
the results have not always been conclusive. However, when all 
the pieces of evidence are put together, they make an interesting 
whole, even though further research is required to make the pic- 
ture complete. No doubt, as time goes on, further investigations 
will be carried out, but because they seemingly have no utilitarian 
value, these remaining parts of the picture, through lack of sup- 
port, may be slow in coming. 


417 
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The bacteria found in the Arctic seem not to be different from 
those in temperate regions, though always fewer in number. It 
is felt by some that these ba.:teria have come into the Arctic from 
more temperate zones and have adapted themselves to the rigorous 
conditions of temperature, light and soil. This is not necessarily 
the case, however, as it has never been shown that bacteria which 
are found in countries that are definitely not even subarctic and 
yet have extremely cold winters require any special adaptation to 
exist under these conditions. 

It would seem desirable to deal with the subject of arctic bac- 
teriology in its separate parts by discussing the bacteria of the air, 
water, soil and intestinal tracts of arctic animals independently. 
On many expeditions all these various materials were examined for 
bacteria simultaneously, but for clarity they will be dealt with 
separately here. 


BACTERIA OF AIR 


As previously mentioned, Nystrom (1868), using a crude quali- 
tative method, established the fact that there were bacteria in 
the air of Spitsbergen, though they appeared to be few in number. 
This would seem to be the first study of bacteria in the arctic air, 
and probably the earliest arctic bacteriology. 

The first quantitative examinations of arctic air for bacteria were 
made on the Nathorst expedition in 1898. Samples were taken at 
some 20 places, including Bear Island, Spitsbergen and King 
Charles Land. Levin (1899) on this expedition used the method 
of Petri, modified by Miguel, in which the air was filtered through 
powdered sugar, granulated sugar, salt and glass wool. One thou- 
sand liters of air were run through the filter as one sample, the 
operation taking four to five hours. All these samples proved free 
from bacteria except at one place on Bear Island where three 
colonies were isolated. 

Hesse (1914), while studying the bacteria of sea water from the 
Norwegian coast by way of Iceland to Spitsbergen, exposed agar 
plates to the air and found such small numbers of organisms de- 
veloping as to consider the air sterile. 

Lindbergh in 1933 exposed vaseline-coated slides from an air- 
plane over Greenland for Meier (1935). Owing to the death of 
Meier, no complete report was published, and whether or not bac- 
teria were present on these slides is not known. 
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During August and September of 1947, while botanizing in 
northern Canada and the Canadian Arctic Islands, Polunin ex- 
posed agar plates to the air by hand from the window of an air- 
craft (Polunin, 1947). After incubation, these plates were ex- 
amined by Kelly and Pady, and yielded a rich harvest of bacteria 
and fungi (Pady, 1948). From 1947 to 1950 quantitative studies 
were made on the biological flora of arctic air. These studies in- 
cluded air over northern Alaska and the Arctic Ocean to the 
North Pole (Polunin, 1951), and over arctic Canada as far north 
as Cornwallis Island (75° N., 95° W.) (Pady and Kelly, 1953). 
The average number of bacteria was low and seldom exceeded one 
per cubic foot. The bacteria found were typical soil organisms, ap- 
parently carried north from agricultural land in more temperate 
zones. They included Gram-positive pleomorphic rods, Gram- 
negative rods (Pseudomonas, Achromobacter and Flavobac- 
terium), Micrococci and aerobic spore-formers. 


BACTERIA OF WATER 


Bacteriological studies of arctic water have included fresh water 
in lakes, small pools from melting snow on ice floes, as well as sea 
water. The organisms found were fewer in number and their total 
activity was greatly reduced as compared with those from water in 
more temperate zones, but no apparent difference in types was 
found. 

Nansen (1897) made microscopic observations of fresh water 
from pools of melting snow on ice floes on the Arctic Sea and 
found bacteria, diatoms, algae and Infusoria. It was estimated 
that one bacterium was present in 11 cubic centimeters of water. 
The types were not determined, so little can be said about them. 

Gran (1901) found nitrifying bacteria in the Arctic Sea. They 
were bacteria that could oxidize ammonia to nitrites and others 
that oxidized the nitrites to nitrates. 

Hesse (1914) examined sea water at various points from the 
coast of Norway to Iceland and over to Spitsbergen and back to 
Norway, and in these samples he found nitrifying and denitrifying 
bacteria. 

In 1914 Isachenko published a monograph on his investigations 
of bacteria of the Barents Sea. This study was designed to obtain 
a broad picture of the biochemical processes taking place in the 
open sea and of the bacteria involved. The aerobic nitrogen-fixing 
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bacterium Azotobacter chroococcum and the anaerobic nitrogen- 
fixing bacterium Clostridium pasteurianum were found as well as 
one other nitrogen-fixing bacterium that was not satisfactorily 
determined. Bacteria that oxidize ammonia to nitrites and those 
oxidizing nitrites to nitrates were detected in the water as well as 
in the mud, not only near the shore but also at depths of 65 to 100 
meters where the Gulf Stream flows into the Arctic Sea. These 
organisms were considered by the author to be permanent inhabi- 
tants of the sea and not mere casual bacteria from the land. Four- 
teen species of denitrifying bacteria, capable of reducing nitrates to 
nitrites and nitrites to ammonia, were noted near the shore and 
in the open sea. These species were of two types: those reducing 
nitrates in the absence of proteins, and those requiring peptone 
for denitrification. Only a few were able to carry the denitrifica- 
tion on to atmospheric nitrogen. Several organisms were de- 
scribed that were capable of producing hydrogen sulfide from pro- 
teins or from the reduction of sulfates. 

Butkevich (1932) examined the water of Barents Sea and also 
mud from the bottom by a direct count method. The numbers 
were low except where there was mixing with water from the Gulf 
Stream. In the water he found bacteria in numbers from 1,000 
to 500,000 per milliliter, while in the upper layers of the mud he 
observed numbers up to 500 million per gram. Some bacteria 
were observed growing at — 3° to -7° C. 

Much of the information on the bacteria of the Arctic Sea comes 
from that area north of Europe which may be modified, to some 
extent at least, by the Gulf Stream. Whether bacterial activity 
would be the same in other parts of the Arctic Sea is not entirely 
clear. It would seem, however, that the bacteria of water in the 
Arctic are the same as those recorded in other parts of the world 
where activity is reduced by low temperatures. 


BACTERIA OF SOIL 


The bacteria in the soil of the Arctic have been studied by a 
number of men, and quite a large amount of information has been 
accumulated in this field. The general impression of all these 
workers is that the organisms in arctic soils are the same as those 
in soils of regions having a more temperate climate. In most 
cases the impression would seem to be that these organisms had 
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adapted themselves to growing at a lower temperacure. Also, as 
one would expect, the numbers are not high, because of the low- 
ness of the temperature and the shortness of the period in which 
they can be active. 

In 1916, while on the second expedition to Thule in Greenland, 
Thorild Wulff collected samples of soil and faecal material from 
arctic animals which he sent to Denmark for bacterial examination 
by Barthel (1922). These samples were collected in the area along 
the west coast of Greenland, inhabited by Eskimos, between the 
island of Disko and Cape York. While this material yielded some 
interesting results, at least a year elapsed before it could be 
examined, so the results were not so complete as if examination 
had been on fresh material. All the material was held below freez- 
ing while in Greenland. The soil samples contained the usual soil 
bacteria, including nitrifying and denitrifying types, urea fer- 
menters, butyric acid bacteria and non-symbiotic nitrogen-fixing 
bacteria. 

Kazanski (1932) studied the soil of Novaya Zemlya and iden- 
tified seven soil types. He examined the profiles of the soils by a 
microscopic method and found bacteria as deep as the soil itself. 
Cultural methods demonstrated the presence of many types of 
bacteria; aerobic and anaerobic cellulose decomposers, nitrifiers 
and denitrifiers, nodule bacteria, and anaerobic, non-symbiotic 
nitrogen-fixing bacteria. He was not able to find Azotobacter. 

Isachenko and Simokova in 1934 reported on the bacteria of 
the soil of the Soviet Arctic. They isolated several groups of bac- 
teria common to temperate zones and thought they represented 
specific strains developed at low temperatures. 

A report was published in 1936 by Levinskaia and Mamincheva 
on the soils of Murmansk where peat, sand and sand-clay types 
were examined. Samples were taken at intervals of two months 
from one-meter holes dug in the soil. They obtained counts around 
100,000 and 157,000 per gram, with the highest count in sand-clay 
soil. The highest counts were found in winter, which is a common 
experience in frozen soil because of break up of bacterial clumps. 
Physiological processes were extremely slow and weak in inten- 
sity but showed some increase in winter and autumn. The authors 
attributed the low activity to low pH (pH 5.2 to 6.4) and pro- 
longed low temperature. They did not find Azotobacter, members 
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of the Escherichia coli group or of the urea-decomposing group. 
The absence of the last two groups they considered to be an index of 
virgin soil, free from infection from animals. The organisms noted 
were considered to be truly soil organisms of common types which 
had adapted themselves to these conditions of temperature, light 
and soil. 

James and Sutherland in 1942 made studies of permanently 
frozen soil at Churchill on Hudson Bay, at the edge of the tree 
line. They did not obtain very conclusive results in clay soils but 
found bacteria as deep as nine feet in gravel, and concluded that 
these might have been carried into the soil by seepage. In the 
soil above that which was permanently frozen, they found anaerobic 
bacteria and cellulose-decomposing bacteria, and, in sulfur dioxide 
media, they observed motile rods. 


BACTERIA IN INTESTINAL TRACTS OF ANIMALS 


Levin (1899) states that previous studies in the Arctic and 
Antarctic had shown that the intestinal tracts of polar bears, seals, 
sharks, eider ducks, penguins, frigate birds, black gulls, guillemots, 


sea urchins and shrimps were sterile. As this work had been 
carried out previous to 1899, when methods were still somewhat 
primitive, there is some doubt as to its reliability. In any case, 
it would indicate very low numbers in the intestinal tract. Levin 
reports finding a single form, Bacterium coli commune, in the 
intestines of a polar bear and two seals. The same was true of 
white-winged gulls and lower marine animals. In the majority 
of mammals and birds, however, the intestines were completely 
sterile. 

Hesse (1914) considered it necessary in a study of this prob- 
lem with birds to be sure that they were truly arctic and had not 
received food from any other source. He eliminated birds that 
could fly long distances or might have received food from the ship 
in which he traveled. He examined a guillemot and two snipe. 
Though the other two showed sterile intestines, one snipe had a 
single species of bacteria. This organism was a Gram-positive, 
motile, short coccoid rod, occurring in pairs and growing best 
under anaerobic conditions at 37° C. 

Barthel (1922) studied the intestinal contents of birds and ani- 
mals collected by Wulff in 1916, and found many of the usual 
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intestinal types, including some 20 species of bacteria, torula, ac- 
tinomycetes and molds. The animals examined were blue fox, 
arctic hare, crow, seal, polar bear, lemming and partridge. Un- 
fortunately, this material had to be kept for a year before examina- 
tion, which made it impossible to determine original numbers or 
types. This work contributed little to the problem as to whether 
or not the intestinal contents of truly arctic animals are sterile or 
nearly so. By holding the specimens a year, some organisms may 
have died while others may have multiplied. Also, the area where 
the samples were taken had long been inhabited by Eskimos. 

Though these studies are far from conclusive, it would seem that 
the intestinal canals of birds and mammals may often be sterile, 
and that, where bacteria are present, they may be few in numbers 
and species. 


CONCLUSION 


From such bacteriological studies as have been made in the 
Arctic, it would appear that there are no distinct arctic bacteria. 
The bacterial types are similar to those in other parts of the world, 


though they may have adapted themselves to growing under the 
adverse conditions imposed by the climate of the Arctic. It does 
seem surprising, however, that the intestinal tracts of warm-blooded 
animals, where conditions are satisfactory for growth, should be 
sterile or nearly so. 
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INTRODUCTION 


Mosses and liverworts (bryophytes) are small plants that would 
scarcely be noticed as individuals. However, since they usually 
grow in tufts or mats, they contribute much, in the aggregate, to 
the green color of forests, mountains and moors, especially in rainy 
weather. The association of mosses with moist habitats is no 
accident, since none of these plants has true roots, and they can, 
therefore, get little water from below the surface of the soil. They 
need abundant moisture not only for their ordinary vegetative 
growth but also for their reproduction. Although a few mosses are 
able to live on rocks exposed to the sun in deserts and may not 
receive water more than a few times a year, the great majority of 
them grow in moist places, and it is very obvious to any observer 
that the moister the climate, the more abundant are the mosses 
and liverworts. 

In mountain forests where clouds hang low at night or where 
mist and rain are of almost continual occurrence, so that the air 
is saturated with moisture during at least part of each day, mosses 
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become so conspicuous that this type of vegetation is known to 
botanists and to geographers as a special type, the ‘‘ mossy for- 
est”. Mossy forests are found on the coastal ranges of the Pacific 
Northwest of North America, where mosses clothe the trees and 
hang from them in festoons, and may even become weeds in fruit 
orchards. In the wet forests of tropical mountain peaks, mosses 
are so abundant that the diameter of tree “ trunks” is doubled by 
their growth, and even the leaves may be covered with liverworts 
and mosses. In arctic regions, where there are no forests, the 
abundance of mosses clothing rocks and ledges is directly related 
to the amount of precipitation and humidity. 

Mosses are very hardy plants and can resist extremely unfavora- 
ble conditions. As one ascends a high mountain, he finds mosses 
and liverworts covering the rocks and the ground long after the 
disappearance of trees, and these plants which appear so delicate 
have been collected at altitudes as great as 18,000 feet above sea 
level in the Himalayas and in the Andes of South America. Like- 
wise, as one goes north in Europe, Asia and North America, he 
finds that, in many areas beyond the tree line, mosses may become 
the most conspicuous land plants as well as the most numerous in 
species. For this reason they are among the very few plants 
which flourish on the Antarctic Continent. 

A curious and interesting feature of mosses is that the plants re- 
vive when moistened, even after years of drought. Cells from 
leaves dried carefully for many years, when again well saturated, 
cannot be distinguished easily under the microscope from fresh 
ones. The question as to whether or not such old dried leaves are 
still alive has never been answered. 

The ability of mosses to withstand not only low temperatures but 
also desiccation means that they can invade freshly exposed rock 
surfaces which they gradually break down into soil, thereby prepar- 
ing the way for larger plants. This ability also enables them to 
grow as far northward as land goes, to beyond 83° N. latitude on 
the northern end of Greenland, where temperatures are very low 
in winter but relatively high in summer, where there is no night 
during part of the year and no day during another part, and where 
they are frozen solid for several :1onths and then perhaps dried 
out during part of the summer. 

Although all these conditions do not prevail on the summits of 
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high mountains, there is some basis for comparing alpine and arctic 
regions, especially since many species grow in both places. One 
of the best analyses has been made recently by Meylan (1940) who 
says (translated): “ The bryological vegetation of Iceland, espe- 
cially that of the regions situated at some altitude, seems analogous 
to that of the alpine meadows of our own Alps, especially to that 
of the little snowy valleys in siliceous areas. Much affinity is 
found likewise with our high altitude bogs. The carpet of mosses 
in Iceland seems to develop, even more than in the Alps, brown 
and purple coloration ”’. 

‘Even though the rigorous climate of Iceland seems to cause 
an especially vigorous development of some species, these condi- 
tions provoke in the majority of species a diminution of growth 
and the formation of depauperate forms. This phenomenon is 
especially visible in Hylocomium. One sees that these species lack 
the shelter of the forest”. 

‘The same phenomenon is observed as one ascends the Alps in 
the nival zone, and one may note the same causes producing the 
same effects, a perfect parallelism between these depauperate forms 


of arctic regions and those of the elevated regions of our Alps. It 
is possible to present numerous examples of this parallelism; I cite 
for the Acrocarpae only the Syntrichia, especially S. ruralis. In 
general, in Iceland, as at 3000 meters altitude in the Alps, the 
stems of this species scarcely reach 1 to 1.5 cm.; the shorter leaves 
are no longer squarrose, but erect like those of S. montana ”’. 


CLASSES OF BRYOPHYTES 


Mosses and liverworts fall into four classes on the basis of 
structure and reproductive behavior: true mosses, Musci; peat 
mosses, Sphagna; true liverworts, Hepaticae; and hornworts, An- 
thocerotes. 


MuscI. True mosses contain chlorophyll and so are able to 
make their own food. The individual plants range in size from 
nearly invisible to the naked eye to more than a yard long, and 
consist of a creeping, hanging, floating or erect stem, covered with 
delicate, scale-like leaves. Mosses have no true roots and must, 
therefore, depend for water absorption on small, thread-like tubes, 
the rhizoids, that absorb moisture from the surface of the soil or 
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from the atmosphere. For this reason mosses are able to grow 
more or less continuously through the winter when temperatures 
at midday rise to the thawing point, since they can use a super- 
ficial film of water not available to the roots of higher plants frozen 
fast in the ground. Most of the water used by mosses passes up 
the outside of the stem, by capillarity, through and over the layer 
of rhizoids which covers the stem, and the height of an erect moss 
stem is apparently determined by the height to which water will 
rise by capillary action. 

In the tropical and temperate mossy forests, water is obtained 
from the saturated air, so that banners of mosses a yard long, hang- 
ing from the twigs and branches of trees, are not uncommon. 
Likewise, mosses growing in running water may develop very 
elongated stems which stream out for a yard or so with the cur- 
rent. In contrast to the wet forest types, arctic mosses usually 
have rather short stems because of the generally reduced rainfall 
and the drying winds. The leaves of almost all mosses are only 
one layer of cells thick, in striking contrast to the complex leaves 
of higher plants, which are usually well protected against evapora- 
tion, but which are killed at once if dried. 

Mosses do not produce seeds, but much simpler, single-celled 
reproductive bodies, the spores. The spores are very small and 
very light, so that they float in the atmosphere with only a slight 
movement of air, and have therefore been found at very high alti- 
tudes in samples of air taken by airplanes. Each moss plant pro- 
duces hundreds of spores, and when one considers the large num- 
bers of individual plants of weedy species of mosses, he begins to 
realize the astronomical numbers of spores released into the air 
during any one year. The spores may live for years in some 
mosses, but in others they die almost at once if they do not land 
in a suitable spot, just as with the seeds of higher plants. Moss 
spores, however, need light for germination. 

Mosses need water for fertilization, since the sperms are free- 
swimming, as in algae and in ferns. From the fertilized egg comes 
the spore-bearing structure of a moss, consisting primarily of a 
usually cylindrical spore case, supported on a thread-like stalk, 
embedded at its lower end in the green plant from which it derives 
its moisture more or less parasitically. Although mosses depend 
on water for their ordinary life processes, and water is indis- 
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pensable for fertilization, mosses do live mostly on land and often 
in relatively dry places. The other great advance of mosses over - 
algae, in an evolutionary sense, is their conspicuous development 
of alternation of generations, in which a spore-bearing plant, the 
sporophyte, with a diploid chromosome number, lives dependently 
on the gamete-producing leafy green plant which has a single set 
of chromosomes. An obligate alternation of generations, with 
periodic doubling and halving of chromosome number, is found in 
all higher plants. 

Long-lived perennial mosses will produce a new set of sporo- 
phytes each year and hundreds of spores, so that the persistence of 
most species is assured. Other mosses, however, such as those 
which develop in summer on the mud flats along receding rivers, 
may complete their whole life cycle in a few weeks. The green 
plants appear, produce simple spore cases which break open and 
distribute the spores on the mud ready for another favorable sea- 
son. Such annual mosses are rather rare and so small that they 
are difficult to find, contradicting the common belief that mosses 
are delicate and short-lived plants. There are even some which 


rarely produce spores, and this situation is especially pronounced 
in the Arctic. Propagation in such cases is carried on by the pro- 
duction of detachable buds which are carried about by wind, water 
or other agencies. The method of reproduction of many arctic 
mosses is completely unknown. 


SPHAGNA. Peat mosses, all belonging to the genus Sphagnum, 
of which perhaps 100 species exist in the whole world, are among 
the most absorbent of all plants, since their leaves consist of large, 
bubble-like, dead, water-storage cells which alternate with the nar- 
row, green, living cells. The stems and branches likewise contain 
special water-storage cells. These large and empty cells reflect 
light and cause peat mosses to appear white when dry, so that one 
who knows peat moss about the greenhouse or garden is apt not 
to recognize it in the bog when it is green or brightly colored, 
healthy and filled with water. The absorbent powers of Sphagnum 
are so great that it is used to hold moisture in dry soils, to root 
cuttings, to pack seedlings and cuttings for shipment, and even to 
ship clams and other aquatic animals which otherwise die in the 
absence of water. 
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Sphagnum possesses a curious property in addition to its great 
absorptiveness—it prevents the growth of many bacteria and is, 
therefore, somewhat antiseptic. For this reason it was used in 
enormous quantities during World War I for filling absorbent 
bandages, because of a cotton shortage. A striking demonstration 
of the antiseptic properties of Sphagnum and of the peat that it 
produces is that people and animals who have fallen into bogs in 
Ireland have been found rather well preserved, perhaps hundreds 
of years later, upon the draining of the bog and the cutting of peat 
into blocks for fuel. 

The tips of peat-moss plants grow each year and branch, so that 
a tufted growth is produced. As the plants grow upward, the de- 
posit of dead material below them, or peat, is made deeper, and it 
may eventually reach a depth of many yards. In flat land, where 
bogs form over springs, the bogs may become much higher than 
the surrounding country because of the growth of Sphagnum, and 
water is held within the bog in enormous quantities. In Europe 
the breaking out of one of these raised bogs because of excess rain- 
fall may flood much of the surrounding country. 

Reproduction of Sphagnum is in principle exactly like that of the 
true mosses. The sporophyte, however, is much simpler, con- 
sisting only of a spherical spore case without a stalk. In the warm 
rays of the summer sunshine, the air within the mature capsule 
expands and finally develops enough pressure to blow off the lid 
and the entire mass of spores in one puff. If plants of Sphagnum 
with many brown spherical capsules be brought into a warm dry 
place, the bursting open of the spore cases can be heard clearly, 
like the popping of corn on a small scale. 

Peat is used in many countries for fuel, and, although this is not 
so extensively the case in the New World, there are nevertheless 
in North America billions of tons of it available in case of emer- 
gency, and it is a potential source of hydrocarbons for many pur- 
poses. It is a standard fuel for heating and cooking in many parts 
of northern Europe, although it does not give off nearly as much 
heat as coal does, and it has a peculiar odor when burning. When 
peat is compressed, it produces coal, and the idea has been pro- 
posed that our present coal deposits came from peat bogs of ex- 
tremely ancient times. This idea is well supported by the discovery 
of Sphagnum leaves and spores in coal from the Rocky Mountains 
and from Greenland. 
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HEPATICAE. Hepatica is the Latin word for liver. It was ap- 
plied to certain plants during the Middle Ages because of their 
liver-shaped leaves or bodies. In medieval times, medicines came 
almost entirely from plants and were sometimes chosen according 
to a curious superstition. It was assumed that a benevolent Crea- 
tor would mark or “ sign” each plant in some way to indicate its 
usefulness to man. According to this pious “ doctrine of signa- 
tures’, yellow turmeric was used to treat jaundice, plants with 
heart-shaped leaves were used for heart diseases, and the liver- 
shaped plants described here became known as liverworts or 
hepatics and were widely prescribed for liver ailments. 

The name “ liverwort’ was applied by early botanists only to 
plants without a leafy stem, and that consist of a flat ribbon-like 
or somewhat liver-shaped: body of green tissue, called a “ thallus ”. 
However, this original concept has been extended to include many 
leafy forms which had been originally placed with mosses, so that 
now the true “ liverwort ’’ type makes up only about 15 per cent of 
the Hepaticae, of which the remainder have leafy stems instead of 
a thallus. 

Leafy liverworts always possess two rows of leaves and are 
usually conspicuously flattened against the soil, rotten wood or 
rock upon which they grow. Some kinds have a third row of 
somewhat different leaves, the underleaves. Leafy liverworts may 
be distinguished from mosses by the two-rowed leaves, the lack of 
a midrib in the leaves, and the fact that the leaves are often vari- 
ously deeply lobed or toothed. In mosses the leaves are arranged 
spirally around the stem, usually have a midrib and are never lobed 
or deeply toothed. Furthermore, the structure of liverworts is 
much more delicate than that of mosses, and they do not withstand 
the rigors of drought and cold in the Arctic Zone as well as mosses 
do. Nevertheless, most liverworts are perennial and produce spore 
cases each year in abundance under favorable conditions. 

Liverworts reproduce in exactly the same way as do mosses, by 
fertilization of an egg and subsequent development of a diploid 
spore-producing structure from the fertilized egg. The developing 
sporophyte of all Hepaticae reaches its full size inside the greatly 
stretched archegonium that produced the egg. When the spores are 
mature and ready for distribution, they may be released by the 
bursting of the spore case within the archegonium, but usually the 
telescoped cells below the spore case suddenly elongate and thrust 
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the spore case out through the top of the archegonium and into the 
air on a stalk that is sometimes several inches long. 


ANTHOCEROTES. The Anthocerotes are a small group of rather 
rare liverworts, sometimes called “ hornworts”’ because of the 
elongated, cylindrical, pointed sporophyte which has the peculiar 
property of being able to continue growth throughout the growing 
season by means of a region of dividing cells at the base. As the 
sporophyte splits open at the top and mature spores escape, new 
cells are being produced at the bottom. This curious manner of 
growth of the spore-producing structure has led to many theories 
that this group might be in some way the “ missing link” from 
which higher plants developed, since all higher, or vascular, plants 
as we know them are sporophytes which continue growth through- 
out much of their lives. 


DISTRIBUTION OF ARCTIC AND SUBARCTIC BRYOPHYTES 


As has been pointed out, mosses and liverworts are able to sur- 
vive extremes of climate and local environment which most higher 
plants cannot tolerate. Consequently, above the timber line on 
mountains and north of the tree line in both hemispheres, the 
dominant plants in numbers of species and even of individuals are 
often bryophytes. Nevertheless, these plants are not sufficiently 
collected and are too often overlooked in ecological and floristic 
studies (38). It is not uncommon for a detailed study of nearly 
any phase of arctic botany to omit a consideration of the bryophytes 
altogether (50), even though this group is represented in every 
arctic region and by as many species as the higher plants. As an 
illustration, one may take the most recent large publication on arctic 
plants, the Botany of the Canadian Eastern Arctic, published by the 
National Museum of Canada (87). In this important work, a 
whole volume (408 pages) is devoted to 297 species of vascular 
plants, whereas less than 150 pages cover 304 species of mosses 
(102) and 78 species of hepatics (88). The writer believes that 
the high specialization of bryophytes to their habitat and their 
significance as indicators of edaphic and environmental! factors 
have not been properly realized by botanists, at least in the Arctic. 

During the last decade mosses have come into general use as 
indicators of forest sites and to help determine the stages of suc- 
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cession or stagnation in forests and moors, especially in Scandinavia 
(21, 112). Extension of this important technique to North 
America and to the arctic regions of both hemispheres is highly 
desirable. 


ARCTIC ALASKA AND THE YUKON. Although no organized ac- 
count of the bryophytes of arctic Alaska and the Yukon has yet 
been drawn up, we have a fair idea of the composition of that flora 
through several publications based on reasonably large collections, 
especially the papers of Hooker and Arnott (48) on Kotzebue 
Sound; Williams et al. on the Yukon (28, 29, 117) and on the 
arctic coast of Alaska (119); and Persson (82-86) on miscel- 
laneous collections from the Bering Strait region (cf. also 99) 
and Yukon. The coastal regions of Alaska south of and including 
the Aleutian chain are extremely rich in bryophytes and have many 
species which are either endemic or of an unusual pattern of geo- 
graphic distribution (5, 22, 27, 49), whereas arctic Alaska pre- 
sents a large group of circumpolar species of wide distribution. A 
rough estimate of the number of bryophytes of this region would 
he perhaps 100 species of Hepaticae and about 300 species of 
Musci, including the Sphagna. In spite of the large number of 
widespread circumpolar species, there is a surprisingly large ele- 
ment of species restricted to this segment of the Arctic, some of 
which are endemic, others of which are at their northern extreme 
in the Rocky Mountains (cf. 30, 32.). As a result of many collec- 
tions made during World War II and of new explorations of the 
cryptogamic flora of Alaska and the Yukon, this almost unknown 
region is gradually becoming better understood. The presence of 
many areas which have escaped glaciation and which therefore have 
served as refugia for plants during continental glaciations, have 
served as a stimulus for extensive and critical study of the flora 


(104, 106-110). 


CANADIAN WESTERN ARCTIC. Perhaps the most unknown area, 
bryologically, of northernmost North America is the arctic main- 
land between the mouth of the Mackenzie River and the Boothia 
Peninsula, as well as the islands of the American Arctic Archipel- 
ago lying north of it, including especially the larger islands, as 
Victoria, Banks, Melville and Parry Islands. This region, which 
may be called the Canadian Western Arctic, has been little ex- 
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plored by botanists and lacks the comprehensive study that has 
been given to the Canadian Eastern Arctic. Parry’s 1819-20 ex- 
pedition to Melville Island and Franklin’s journey to the polar sea 
between 1819 and 1822 both resulted in important collections of 
bryophytes (17,89). The relatively large collection of bryophytes 
made by the Canadian Arctic Expedition of 1913-18 on the arctic 
coast and Victoria Island (119), together with further bryological 
material from the Canadian Western Arctic composed mostly of 
small collections made incidentally (12, 45) to other work are well 
supplemented by abundant collections made at Great Bear Lake 
and at Coppermine by the present author (104, 109, 110). The 
first-known American specimens of such Siberian and Scandinavian 
species as Radula prolifera (101), Campylium zemliae and Bryum 
neodamense came from this region. Described as new from this 
area were Polytrichum hyperboreum, Bryum calophyllum, B. arc- 
ticum and Barbula johansenii, of which all but the last are now 
known to have circumpolar ranges. Although only about 100 
Musci and perhaps a dozen Hepaticae have been reported from 
the Canadian Western Arctic, it will eventually be discovered to 
be as rich in species as the regions east and west of it. 


CANADIAN EASTERN ARCTIC. The bryophyte flora of the Cana- 
dian Eastern Arctic is relatively better known than the other arctic 
American floras, primarily through the enormous collections re- 
sulting from the second expedition of the Fram (18), which over- 
shadow the few earlier collections (76). Other large collections 
made more recently by Freuchen, Polunin, Dutilly and others have 
made known to a greater or lesser extent the bryophytes of nearly 
every major area of the region (19, 37, 45, 97, 100, 101, 103, 105, 
109, 110, 118, 120). As the result of the extensive collections now 
available, it has been possible to summarize rather completely the 
bryophyte flora of the Canadian Eastern Arctic north of 60° N. 
latitude (102). The total of over 300 species of Musci and 80 of 
Hepaticae (88) is not surpassed by the known bryophyte floras 
of many temperate regions far to the south, many of the United 
States, for example. A study of these materials demonstrates a 
very definite high-arctic element in the bryophyte flora—species 
which flourish as far north as land exists, to beyond latitude 82° 
N., yet which gradually disappear southward and are scarcely to 
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be found south of 60° N. latitude. Examples are Distichium 
hagenti, Arctoa hyperborea, Siegonia latifolia, V oitia hyperborea, 
- Haplodon wormskjoldti, Mielichhoferia macrocarpa, Pohlia cru- 
doides, Bryum obtusifolium, B. globosum, Cinclidium subrotun- 
dum, C. articum, Aulacomnium acuminatum, A. turgidum, Cono- 
stomum boreale, Drepanocladus berggrenit, Hygrohypnum polare 
and Philocrya aspera. Many other species are able to exist in lati- 
tudes as northerly as the truly arctic species just listed, but also 
occur in alpine habitats far to the south. These, the arctic-alpine 
species, have received considerable attention, especially in the 
southern extension of their range, since they are not rare at higher 
elevations in the relatively well studied temperate latitudes, and a 
list of them would be too long to give here. Nevertheless, it is 
important to point out that the arctic-alpine species are with few 
exceptions circumboreal in their distribution. 


GREENLAND. The bryophytes of Greenland are known not 
through any one or more large collections, as are those of Siberia 
and Arctic America, but through multitudes of relatively small 
gatherings. Travel is difficult and distances are great in an island 
that is almost 2,000 miles long and that extends from below 60° N. 
latitude nearly to 84° N. latitude. Consequently, although dozens 
of collections have been made through casual or intensive study of 
small areas, no over-all study of the whole island has been made 
in the field of bryophytes. Unfortunately for our purposes here, 
there has not been any comprehensive review since 1880 (64) of 
specimens and publications resulting from all the collections. That 
is something much to be desired. In addition to many scattered 
publications (25, 35, 53, 63, 65, 81, 114, 115), the volumes of 
Meddelelser om Grgnland are especially rich in contributions to 
the bryological flora of Greenland (34, 36, 37, 39, 40, 42, 43, 46, 
47, 52, 55, 57), so that some general remarks may be made. Ina 
very general way one finds a relationship between the bryophytes 
of southern Greenland, whose climate is tempered by the Gulf 
Stream, and those of southern Iceland. One of the most interest- 
ing indications of this affinity was the recent discovery of Bryoxi- 
phium norvegicum in East Greenland. The greater part of the 
flora of East Greenland seems to have a closer relationship with 
that of northern Iceland and other areas to the east than with the 
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American Arctic Archipelago to the west. Western Greenland, 
on the other hand, shows in its bryophyte flora a definite agreement 
with that of Ellesmere, Devon and Baffin Islands to the west. Ap- 
proximately 150 species of Musci and perhaps 50 species of Hepa- 
ticae have been reported from Greenland, and it is probable that 
further collecting by trained bryologists will double this total from 
the whole island. Except for numerous species of Bryuwm and a 
recently described species of Seligeria (115), the bryophyte flora 
of Greenland seems peculiarly lacking in endemic species. Al- 
though the specific name groenlandicum is not unusual, nearly all 
the species of bryophytes which bear it seem now to have a more 
or less wide circumpolar distribution. A fact of especial interest 
is that in Greenland bryophytes reach their northernmost geo- 
graphic extension, above 83° N. latitude, whence many species 
have been reported. 


ICELAND. The bryophyte flora of Iceland is now reasonably well 
known in its general outlines, even though every new collection of 
any size seems to contain species not previously reported. The 
excellent treatment of Icelandic bryophytes by Hesselbo (41) and 
the recent report on a large collection by Meylan (75) give us 
much more material for bryogeographical considerations than is 
available from most northern lands. A total of about 100 Hepa- 
ticae, more than 20 Sphagna and nearly 350 species of Musci have 
been reported (1, 41, 59, 75). Because of its position just south 
of the Arctic Circle, the sweep of the Gulf Stream along its south 
coast and the numerous hot springs, Iceland supports a surpris- 
ingly temperate bryophyte flora, at least in certain restricted lo- 
calities. Many European species reach their northern limit of 
distribution here, as Anthoceros punctatus, Fossombronia dumor- 
tiert, Blasia pusilla, Archidium phascoides, Mnium hornum, Atri- 
chum undulatum, Entosthodon ericetorum and Campylopus fragilis. 
One of the most interesting species in the flora of Iceland is Bry- 
oxiphium norvegicum which, in spite of its specific name, is not 
known from Norway but has a curious geographical distribution 
in unglaciated regions of North America and also occurs in Mexico 
and the Orient (72, 98). Endemic species seem to be few, among 
which are Bryum islandicum, B. groenlundii and Fontinalis is- 
landica. 





CRYPTOGAMIC FLORA OF THE ARCTIC 437 


According to Hesselbo (41), the vegetation of Iceland corre- 
sponds in its composition most nearly with that of Scandinavia and 
South Greenland. All species so far listed from Iceland, except 
for Bryoxiphium just mentioned, are also found in Scandinavia. 
Meylan (75), however, expresses the opinion that the bryological 
flora of Iceland is related directly to that of north and central 
Europe, since no purely American species are found there, but 
only American species which are also common to Europe. 


SPITSBERGEN. Numerous recent collections have added some 
species to the known bryological flora of Spitsbergen, but our main 
knowledge concerning the bryophytes of these islands still depends 
largely on the excellent work of Berggren (13) and Arnell (3). 
In view of the isolated position and high latitude of the Spitsbergen 
group, the bryophyte flora is surprisingly large, with over 200 
species of Musci and 50 of Hepaticae—more than have yet been 
found in Greenland (3, 13, 20, 23, 24, 60, 69, 74, 111, 113). Al- 
though numerous species have been described from Spitsbergen, 
and this name serves as the basis for several specific epithets, most, 
except for the recently published species (60), have now been 
found elsewhere in the Arctic. Since the bryophytes are of dis- 
tinctly arctic and arctic-alpine types, with a characteristic circum- 
polar geographic distribution, it is difficult to correlate the flora 
of Spitsbergen with that of any other polar region. However, it 
seems about equally close to that of Greenland and northernmost 
Scandinavia. 


JAN MAYEN. Jan Mayen is an isolated arctic island which is 
seldom visited by botanists. According to the most recent sum- 
mary of its bryophyte flora (67, 68), 39 Hepaticae and 106 Musci 
have been collected there. This surprisingly large number of spe- 
cies identified from so small an island may in part be due to the 
fact that a bryologist has visited it. In spite of the high latitude 
(about 71° N.), the flora seems not to be essentially arctic but 
more European, related to that of Iceland or Norway through the 
large number of boreal species. 


NORTHERN SCANDINAVIA. Northernmost Norway, Sweden and 
Finland constitute by far the best known of the regions lying so 
far north in the world, from a bryological viewpoint. Although its 
flora may not have the potential richness of the Soviet Arctic, 
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counting both European and Asiatic northern extensions, the bryo- 
phytes of Scandinavia have been so thoroughly collected and 
studied that perhaps twice the number of species have been found 
north of the Arctic Circle there than anywhere else. Furthermore, 
the warm Gulf Stream which runs northward along the Norwegian 
coast gives opportunity for a genuinely temperate flora to exist in 
a region that lies latitudinally quite far north, thus bringing into 
the area under consideration many species which would otherwise 
not be able to flourish there. Through the studies in Norway of 
Hagen (33), Jorgensen (61) and others (2, 80, 121), in Sweden 
by Arnell and Jensen (9) and others (73, 77), and in Finland by 
Brotherus (16), as well as the comprehensive treatments of the 
bryophytes of all Scandinavia by Arnell (6), Brotherus (16) and 
Jensen (58), the astonishing totals of more than 500 species of 
mosses and perhaps 200 species of hepatics have been reported 
from northern Scandinavia. The enormous collections and the 
careful studies in localized areas give adequate data for careful 
bryogeographical studies, so that among the bryophytes of the 
Sarekgebiet of Sweden, for example, Arnell and Jensen (9) have 
recognized with some confidence six major floristic elements and 
a dozen minor ones. Furthermore, the understanding of bryo- 
phytic associations in each habitat is so exact that it sets a model 
for bryocoenological studies in other regions. 


FRANZ JOSEF ARCHIPELAGO. The islands which make up the 
Franz Josef Archipelago have remained almost totally unknown 
with regard to their bryophyte flora until relatively recently, when 
important collections were made by Ivanov in 1929 and by Savicz 
in 1930, during expeditions of the Soviet icebreaker G. Sedov (93, 
94), and by the Norwegian expedition of 1930 (111). The seven 
Hepaticae and 80 Musci now known from these islands consist 
mostly of common arctic species of wide distribution and seem to 
include no endemic species. The affinity of this flora is difficult 
to determine because of the small number of species concerned and 
their wide distribution. However, there are some indications that 
it is most closely related to the flora of northern Scandinavia and 
Siberia. 

SEVERNAYA ZEMLYA ARCHIPELAGO. The bryophyte flora of this 
botanically little-known area consists of only 16 species of mosses 





CRYPTOGAMIC FLORA OF THE ARCTIC 439 


and one hepatic, all of them species of wide distribution and not 
uncommon on the Siberian mainland to the south, as the result of 
the 1930 expedition of the Russian icebreaker G. Sedov (94). 


SOVIET ARCTIC MAINLAND. The mainland of the Soviet Arctic, 
taking together the European and Asiatic segments, including 
Novaya Zemlya, probably has the richest bryophyte flora, at least 
potentially, of any of the arctic regions. This opinion is based on 
the fact that three great north-flowing rivers, the Ob, the Yenisei 
and the Lena, all serve as routes to bring species north from more 
temperate regions. Furthermore, the great land mass to the south, 
representing very different floras in widely separated regions, both 
in Europe and Asia, serves as an enormous reservoir of species 
which in some way may find or have found their way to the Arctic. 
Arnell, in 1875 and 1876, collected nearly 100 species of Hepaticae 
and over 400 species of Musci in the valleys of the Ob and Yenisei 
rivers (70, 71). In 1898 Nilsson-Ehle collected 61 Hepaticae, 14 
Sphagna and 233 Musci in the valley of the Lena (4). Kjellman, 
botanist to the Vega expedition along the arctic coast of Russia 
and Siberia, brought back about 60 Hepaticae, 12 Sphagna and 
over 150 Musci (5). These splendid collections give an excellent 
indication of the richness of the bryophyte flora of arctic Russia and 
Siberia and taken together with other reported collections (7, 8, 10, 
11, 14, 15, 26, 31, 51, 56, 62, 66, 78, 90, 91, 92, 95, 96, 116) are 
very useful in charting the total distribution of arctic species. In 
the present state of our knowledge concerning arctic bryophytes, it 
is difficult to determine whether the large number of species en- 
demic to Siberia depends on the narrow specific concepts of the 
bryologists who described them or upon the intrinsically richer 
flora. Since many of these species have now been found in arctic 
North America, as Aulacomnium acuminatum, Cinclidium lati- 
folium, Dicranum fragilifolium, Diplophyllum microdontum and 
Radula prolifera, it is probable that the latter alternative is the cor- 
rect one. Many species still remain restricted to Siberia, as Sca- 
pania rufidula, Calycularia laxa, Scouleria rschewini, Myrinia ro- 
tundifolium, Dicranum tundrae and Didymodon rotundatus. 


GENERAL CONSIDERATIONS 


A striking feature of truly arctic mosses, to be seen from the 
foregoing discussions of different areas and from the tabular de- 
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piction of geographical ranges (Table I), is that a large number 
of them are circumpolar. The relatively low degree of endemism 
and the fact that many of those species long considered to be en- 
demic have now been discovered in other and widely separated 
areas (110), lead naturally to the opinion that careful collection 
and study in the future will greatly extend the range of almost all 
polar species of bryophytes. The recent discovery in the Ameri- 
can Arctic of Siberian species with a very limited distribution, as 
Radula prolifera, Dicranum fragilifolium, Cinclidium latifolium and 
Aulacomnium acuminatum, and the reciprocal discovery in Siberia 
of several species previously considered endemic to the American 
Arctic, as Scapania simmonsii and Plagiochila arctica, well illus- 
trate this point. The generalized circumpolar geographical dis- 
tribution of the arctic bryophytes seems to indicate that their 
invasion of the Arctic Zone was very ancient indeed, since their 
migration under present conditions must be exceedingly slow. 

The stability of specific types is also a remarkable feature of 
arctic bryophytes. Although all of them show the usual response 
in growth to unfavorable environmental conditions, under the 
same conditions specimens from widely separated localities appear 
almost identical. The only genera which seem highly variable 
genetically are Drepanocladus and Calliergon among the Pleuro- 
carpae, and Bryum in the Acrocarpae. Since Drepanocladus and 
Calliergon are represented by relatively few species, the problem 
is not particularly acute. Bryum, however, has proliferated in the 
Arctic Zone in much the same manner as Taraxacum and perhaps 
through the same methods. Although apomictic clones are not 
known yet in mosses, apospory is not uncommon in them. A 
thorough study of the more than 100 species of Bryum in the Arc- 
tic with modern genetical and cytological techniques would produce 
results of the greatest scientific interest and might clarify some of 
our present problems concerning specific concepts in Musci. 


BRYOPHYTE ASSOCIATIONS IN THE ARCTIC. As bryophytes are 
extremely sensitive to edaphic and climatic factors, one finds a 
surprisingly large series of different associations, reflecting some- 
times only very small differences in habitat conditions. The ab- 
sence of trees in all arctic regions removes the complicated series 
of forest associations, and so the factors which influence the dis- 
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Known Distribution oF SOME ARCTIC AND SUBARCTIC BRYOPHYTES 


Key 
Arctic Alaska 
Canadian Western Arctic 
Canadian Eastern Arctic 
Ellesmere Island 
Baffin Island 
West Greenland 
East Greenland 
Iceland 
Spitsbergen 


10. 
ii. 
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Jan Mayen 

Northern Scandinavia 
Franz Josef Land 
Severnaya Zemlya 
Novaya Zemlya 
Yenisei region 

Lena region 

Alps and Rockies 


14 15 16 17 





Hepaticae 
Anthelia julacea ¥ 
A. juratzkana 
Arnellia fennica 
Cephaloziella verrucosa 
C. divaricata v. incurva 
Clevea hyalina 
Gymnomitrium concin- 

natum 
G. corallioides 
Jungermannia polaris 
Lophozia groenlandica 
L. murmanica 
Marsupella 
groenlandica 
Mesoptychia sahlbergit 
Odontoschisma 
macounu 
Peltolepis grandis 
Plagiochila arctica 
Pleuroclada albescens 
Prasanthus suecicus 
Radula prolifera 
Sauteria alpina 
Scapania summonsii 
S. spitsbergensis 
Temnoma setiforme 
Musci 
Andreaea blytti 
A. obovata 
A. papillosa 
Aongstroemia longipes 
Aulacomnium 
acuminatum 
A. turgidum 
Brachythecitum 
turgidum 
Bryum archangelicum 
B. arcticum 
B. globosum 
B. obtusifolium 
B. rutilans 
Calliergon turgescens 
Campylium zemliae 








TABLE I (continued) 





12 13 14 








Cinclidium arcticum 
C. latifolium 
C. polare 
C. subrotundum 
Conostomum boreale 
Cratoneuron curvicaule 
Desmatodon suberectus 
Dicranum angustum 
D. arcticum 
D. elongatum 
D. fragilifolium 
D. hyperboreum 
D. neglectum 
Didymodon rufus 
Distichium hagenit 
D. inclinatum 
Ditrichum flexicaule 
D. giganteum 
Drepanocladus badius 
D. berggreni 
D. brevifolius 
D. latifolius 
D. tundrae 
Fissidens arcticus 
Funaria polaris 
Haplodon wormskjoldit 
Hygrohypnum polare 
Hypnum revolutum 
Mielichhoferia 
macrocarpa 
Myurella tenerrima 
Oligotrichum incurvum 
Oncophorus schisti 
Orthothecium 
acuminatum 
O. chryseum 
O. strictum 
Orthotrichum killiasii 
Philonotis tomentella 
Polytrichum fragile 
P. hyperboreum 
P. jensenit 
Pottia heimii v. 
obtusifolia 
Psilopilum cavifolium 
P. laevigatum 
Rhacomitrium 
lanuginosum 
Scouleria rschewini 
Seligerta polaris 
Splachnum vasculosum 
Stegonia latifolia 
Tetraplodon bryotdes 
Timmia norvegica 
Voitta hyperborea 
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tribution and association of bryophytes are primarily the nature 
of the substratum, the amount of water through all or part of the 
yeai, the amount of insolation, exposure to wind, and temperature. 
In any given habitat the amount of water seems to be the most im- 
portant limiting factor in determining which species may exist 
there. 

With the exception of members of the Splachnaceae, which 
usually grow on dung, bones and other animal materials, the usual 
substrata for arctic bryophytes are soil and rock. Alkalinity in 
terms of calcium ion, and acidity in terms of hydrogen ion are 
factors which affect the distribution of species most conspicuously. 
In alkaline to neutral marshes and bogs one finds a very different 
flora from that occurring in acid ones, with a strong development 
of such conspicuous species as Drepanocladus revolvens, Scor- 
pidium scorpioides, Paludella squarrosa, Calliergon sarmentosum, 
C. turgescens, C. trifarium, Cinclidium stygium, Meesea triquetra 
and Philonotis tomentella. In acid bogs and swamps Sphagnum 
species are not only the most predominant plants but also the most 
active acidifying agents. However, the greatest development of 
acid bogs and muskegs is in the subarctic zone, since Sphagnum is 
not primarily an arctic genus, and it gradually disappears north- 
ward, not only in number of species but also in number of indi- 
viduals. Sphagnum species are usually accompanied in the Arctic 
Zone by (and may be replaced by) species of Dicranum, Poly- 
trichum strictum, Aulacomnium palustre, Pohlia nutans, Calliergon 
stramineum, Tomenthypnum nitens and many Hepaticae. 

On soil, under mesophytic conditions, the bryophyte associations 
are very rich in species, especially in the genera Polytrichum, 
Pogonatum, Timmia, Hylocomium, Lophozia and Cephalozia. In 
this habitat the genus Bryum finds its maximum expression and 
has developed specialized species which seem to fill even the most 
minute ecological niches throughout the mesophytic formation. On 
more calcareous and somewhat drier soil one finds species of Tor- 
tula, Distichium, Ditrichum, Encalypta, Myurella, Orthothecium, 
Peltolepis, Sauteria, etc. In xerophytic habitats, especially on acid 
soil and rock, Rhacomitrium lanuginosum finds its greatest de- 
velopment and may form a ground cover or heath several inches 
thick and in some places several miles in extent. Where conditions 
are too dry for Rhacomitrium to flourish, scattered tufts of Grim- 
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mia and Andreaea may be the only vegetation of any kind. In 
neutral or alkaline areas, species of Dicranum mixed with other 
bryophytes may produce thick cushions or mats on rock and soil, 
and form the dominant vegetation over large areas. 

One of the most characteristic features of arctic mosses and 
liverworts is the great mixture in which they grow. It is not un- 
common to find 20 species in a clump the size of one’s hand; this 
fact is emphasized by nearly all bryologists who have studied 
arctic material. Each microhabitat seems to develop its own little 
flora grading into the next microhabitat which may be only a few 
inches away and yet have its own group of species. 


PROBLEMS IN ARCTIC BRYOLOGY. This discussion would not be 
complete without a brief statement of some of the problems open 
to a bryologist in the Arctic beyond the simple fact that a large 
number of species not previously reported can be added to our 
lists. Careful collecting by trained bryologists and their extensive 
field notes will solve many problems of phytogeographical distribu- 
tion. The abundance of any particular species can be judged only 
by a bryologist in the field; inferences drawn from herbarium ma- 
terial alone can hardly be trusted, since the average collector will 
soon shun the common species and yet pick up the rare species 
every time he meets them. Relative abundance of any species 
may show its ecological preferences with relation to altitude and 
habitat, and may even give information on paths of migration. 

One of the most interesting phytogeographic problems is the 
determination of local distribution of rare or relict species, many of 
which show disjunction of geographic range to a greater or lesser 
degree. The effect of the rigorous arctic climate on the different 
species and floristic elements has never been studied as an ecologi- 
cal problem but only with reference to taxonomy. Why is it that 
some species are extremely reduced and barely surviving, whereas 
others are robust and flourishing? Life forms and growth forms 
of arctic bryophytes need study, as do even the time of fertilization 
and maturation of sporophyte. The physiological reasons for the 
lack of spore production by many arctic bryophytes need study, as 
well as their adjustment to the long dark winter months. The 
succession of species of bryophytes in different habitats in the 
Arctic is completely unknown. The study of natural moss com- 
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munities has been reasonably well studied in northern Scandinavia, 
but throughout most of the polar regions the important field of 
bryocoenology remains almost completely unstudied. 

To summarize, although in arctic regions the bryophytes have 
often been collected casually and incidentally to flowering plants, 
there are still many species of bryophytes about which we know 
very little, and whose study in a detailed manner by bryologists in 
the field may well help solve some of the numerous problems of 
arctic botany. 
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INTRODUCTION 


Fungi, in the widest sense, are non-flowering plants which, be- 
cause of their dependency upon organic matter for nutrition, do 
not need and are consequently devoid of chlorophyll; instead, they 
live saprophytically or parasitically, or symbiotically on or with 
other organisms, or on the products of decomposition or excre- 


ments of these organisms. Taxonomists now agree that the term 
* Fungi ’”’ as a systematic unit should be used only for those hetero- 
trophic spore-bearing organisms which: (a) do not reproduce by 
fission (this eliminates the bacteria and related groups of micro- 
organisms); (b) have no plasmodial generation consisting of 
motile multinucleate protoplasm (this removes the Myxothallo- 
phyta or slime molds) ; (c) are not lichenized, i.e., do not live in 
close association with algae (this excludes the lichens); (d) are 
not so closely related to any of the autotrophic algae that separa- 
tion from the latter would appear to be artificial from a phylo- 
genetic point of view (this keeps the heterotrophic algae in the ap- 
propriate group of Thallophyta, namely, the algae). The fungi 
proper are divided into four main groups: (a) Phycomycetes (my- 
celium, where present, continuous); (b) Ascomycetes (perfect 
stage an ascus, i.e., with reduction division taking place in a mother 
cell, inside of which the spores are born); (c) Basidiomycetes 
(perfect stage with spore formation on the outside of a mother cell, 
called a basidium) ; and (d) the Fungi Imperfecti (perfect stage 
unknown—a temporary subdivision). 


451 





THE BOTANICAL REVIEW 


REPRESENTATION AND IMPORTANCE 


All four classes of fungi occur in the Arctic and Subarctic, proba- 
bly in approximately the same proportion as they do in warmer 
climates, but the number of species tends to be smaller than in 
more temperate regions. Some of the species are specifically boreal 
or arctic in their distribution and adaptation. Nevertheless, the 
fungus flora of the Arctic is comparatively more important than in 
the warmer zones; indeed, in number and diversity, fungi in the 
North may even outweigh the flowering plants, though as com- 
ponents of vegetation they are relatively minor. In order to illus- 
trate this numerical preponderance we may consider the flora of 
Greenland where E. V. Wulff indicates 416 species of flowering 
plants (phanerogams), whereas the known number of fungi is 
about 850, i.e., there are more than twice as many fungi—a figure 
that will tend to increase as mycological investigations proceed. 
To date, most of the material studied has consisted of dead and 
diseased portions of flowering plants collected for general herbaria 
by phanerogamists, and more specific collecting of fungi on other 
substrata has been neglected. Aside from that, we must keep in 
mind that lichens are merely a symbiotic form of life realized by 
close association of a fungus with an alga, and that the number of 
lichen species in Greenland is several hundred—a fact that should 
not be surprising, as many earth and rock-inhabiting lichens are 
particularly well adapted to the severe climatic conditions of the 
Arctic. By way of contrast, we know that the number of fungi 
observed in Morocco, recently enumerated by R. Maire and R. G. 
Werner, is 1,200, whereas the phanerogams of the same region 
are estimated to number as high as 2,400. 

It is impossible to describe in detail the arctic fungus flora inde- 
pendently from the fungi of other regions, as it is a remarkable 
fact that not a single fungus genus has been discovered which is 
exclusively arctic in distribution or character. However. certain 
groups (orders, families, genera) within the two largest group- 
ings, Ascomycetes and Basidiomycetes, are distinctly more promi- 
nent and numerically more strongly represented than others. For 
example, in the Ascomycetes we find a remarkably strong repre- 
sentation among the Myrangiales (asci born internally, singly, in 
loculi), the Sphaeriales (asci born in cavities with osticles: peri- 
thecia), and the Helotiales and Pezizales (cup fungi, with asci 
born externally in palisades). Among the Basidiomycetes we find 
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the Ustilaginales (smuts), the Uredinales (rusts) and the Agari- 
cales (mushrooms) to be dominating. The majority of the My- 
rangiales and Sphaeriales grow on weakened or dead parts of 
flowering plants (stems and leaves) ; Ustilaginales and Uredinales 
are true parasites; Agaricales are, mostly at least, seemingly soil- 
inhabiting, but some live in symbiosis and others on decaying 
cellulose or on dung, etc. 

As for the Basidiomycetes (viz., Agaricales and Gasteromy- 
cetes), some unpublished work by the present author as well as 
papers published recently by M. Lange (1946) enable us now to 
recognize the characteristic features of the “‘ agaric’’’, “ bolete”’ and 
* puffball ” flora of Greenland and the alpine-arctic zones of Lap- 
land. It appears that the most important agaricaceous genera (they 
are there commonly linked by symbiosis with low birches and wil- 
lows) are Russula (especially R. emetica subsp. alpestris), Lac- 
tarius, Cortinarius, Hebeloma and Inocybe. The important non- 
mycorrhizal genera are Laccaria (especially L. laccata), Ompha- 
lina, Melanoleuca, Marasmiellus (especially M. fibula), Collybia, 
Amanita (significantly—considering the evidently faulty hypothesis 
of a protective value of the veils—only species with rudimentary 
inner or outer veil), Agaricus, Galerina and Cystoderma. Among 
the Boletaceae we note especially Leccinum. Laccaria and Hebe- 
loma are the genera most prevalent in the extreme northern stations 
(around lat. 82° N. in Greenland). Occasionally, in regions with 
a more * Atlantic” climate, in Greenland as well as in Lapland, 
species of the genera Camarophyllus, Hygrocybe and Mycena are 
met with, and exceptionally even Rhodophyllus (an undetermined 
species), Rozites caperata and Clitocybe sp. Among the Aphyllo- 
phorales, Leptotus lobatus seems to be widely distributed, and 
among the Gasteromycetes (puffballs) Lange indicates Geaster 
minimus, Calvatia cretacea, C. tatrensis, C. arctica, Lycoperdon 
umbrinum, L. nigrescens, L. spadiceum, L. pusillum, Bovista echi- 
nella, B. tomentosa, B. nigrescens, Crucibulum vulgare and Sphae- 
robolus stellatus for Greenland, Bovtstella paludosa for Lapland. 

Presumably because of the absence of a large reservoir of decay- 
ing woody material, the genera Cyttaria, Xylaria, Hypoxylon, 
Nectria and allies among the Ascomycetes, and Polyporus, Poria, 
Fomes, Coriolus and allies as well as Stereum, Corticium, Penio- 
phora and Auricularia among the Basidiomycetes, and also all the 
imperfect forms of these groups, are either not represented at all or 
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are very rare in the Arctic. The same is true for fungi normally 
growing in close association with the roots of living forest trees 
(conifers, Salicales, Fagales, Tilia, Fraxinus, etc.), such as Ela- 
phomyces, and the true truffles (Tuberales) among the Ascomy- 
cetes, and most hypogeous Gasteromycetes, as well as many boletes 
and agarics. With them, naturally, the fungus parasites of these 
fungi are likewise absent from the arctic regions, for example, 
Hypomyces lactifluorum. 

It appears thus far that the fungi inhabiting dead stems and 
leaves of flowering plants are most favored under arctic conditions. 
This may be because of the reduced competition on the part of 
soil-inhabiting Fungi Imperfecti and bacteria, both of which groups 
are considerably smaller in number of representatives and less 
active than in temperate and tropical regions, presumably as a 
result of the short northern summer. For this reason vegetative 
remains fail to decay rapidly but become, after overwintering, a 
suitable substratum for certain Sphaeriales and other Ascomycetes. 
This explains not only the preponderance of some of the groups 
enumerated above but also the reduced geographic areas of certain 
fungi as compared with those of their host plants. Lind (1934) 
indicates several interesting instances of definitely arctic, arctic- 
subarctic or arctic-alpine areas of parasitic or saprophytic fungi 
on hosts whose area extends considerably into the Temperate Zone. 
For instance, Rhytisma empetri and Sphaeropezia empetri were 
observed only in the arctic and alpine regions of the area of Em- 
petrum nigrum, whereas other fungi (Physalospora empetri and 
Chrysomyxa empetri) follow Empetrum through its entire area. 
Similar instances have been further discussed by Lind, Komarov, 
Murashkinski and Ziling (1928), Tranzschel (1914) and Yachev- 
ski (1933). Naturally, the opposite situation where the area of 
the fungus is larger than that of its arctic host, also occurs. All 
this proves that the areas of host and parasite do not necessarily 
coincide, as has been substantiated also in extra-arctic regions. 

The large number of fungus species as compared with the 
phanerogams may appear surprising at first glance, even though 
the special condition of the over-wintering dead leaves and stems 
is taken into consideration, for this substratum does not explain the 
large number of Pezizales and Agaricales, and those microscopic 
fungi that occur on substrata other than dead stems and leaves. 
However, the Arctic actually abounds in an inexhaustible reservoir 
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of suitable substrata. The rich lichen flora provides a great num- 
ber and diversity of host plants, as is shown by the fact that a 
lichen collection, taken almost at random in Spitsbergen in 1921 
and sent to a specialist (K. Keissler), yielded 12 species of lichen 
parasites. Mosses, especially the Polytrichaceae, and hepatics, 
which are also rather numerous in arctic regions, provide the 
habitat for many far northern agarics (Omphalina, Cortinarius, 
Galerina, Hygrocybe, Marasmiellus, Inocybe, etc.), and such gen- 
era as Cyphella and Leptotus. Agarics, especially the dark-spored 
groups, as well as some Pezizales and Helotiales, other Ascomy- 
cetes and Phycomycetes find a good substratum in bird droppings 
and other kinds of dung. 

The families Gentianaceae, Ericaceae and Primulaceae among 
others are known to depend largely for normal development on 
endotrophic mycorrhiza. These fungi live in the roots of the 
plants and enter the cells, deriving for themselves as well as pro- 
viding for the host some nutritive advantages by alternately ab- 
sorbing cell sap by haustoria and being digested by the host. Fur- 
thermore, even though forest trees, which form ectotrophic or 
peritrophic mycorrhiza (fungus hyphae surrounding or envelop- 
ing the rootlets but not entering the cells) are absent in truly 
arctic territories, some species belonging to tree genera form 
extensive stands over wide regions of the Arctic and Subarctic, 
namely, the shrubby or almost herbaceous birches and willows. 
There are many species of boletes and agarics connected with one 
species of northern birch alone, and this explains the presence, in 
the arctic tundra, of such large mushroom carpophores as those of 
Leccinum scabrum subsp. rotundtfoliae and L. testaceoscabrum 
var. arcticum. Other habitats of fungi in the Arctic are diseased 
and dead insects, driftwood on the beaches, dead and living fishes, 
and dead and living algae. None of these habitats has as yet been 
studied extensively. 

The true parasites seem to be somewhat rarer in the Arctic 
Zone than farther south, which may be explained by the fact that 
the sparse scattered growth of many host plants tends to decrease 
direct competition between the host plants in dense populations as 
a preparatory factor for fungus infection, and also minimizes the 
chance of infection of the right host by wind-blown spores (most 
true parasites, such as rusts, are highly specialized as to the taxo- 
nomic position of the host). This supposition seems to be sup- 
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ported by the fact that in the Arctic the percentage of fungi with 
a wide host range is much larger than in the temperate zones, the 
number of strictly specialized forms growing exclusively on one 
host species being far smaller than in warmer regions. Among 
the rust fungi, where most species in the Temperate Zone ordi- 
narily pass through several generations of spore formation, there 
is a tendency to abbreviate this complicated life cycle by omitting 
some of the spore forms. Such rusts with drastically abbreviated 
life cycle are called microcyclic Uredinales (Arthur, 1928). 
Roughly one-third of the arctic rusts are genuine microforms, 
which is a much higher percentage than in the temperate zones, 
and the vast majority of the remaining species are adapted to 
arctic conditions either by omission of one spore form or the other, 
or by formation of a perennial mycelium. However, many of the 
“arctic” forms occur in the temperate zones also and consequently 
cannot be interpreted as having a secondary adaptation to arctic 
conditions, but instead an initial advantage enabling these forms 
in lieu of others to penetrate into arctic habitats. 

Yachevski (1933) thinks that in the alpine Ascomycetes, the 
perithecia are thick-walled and of sclerotial type, harder than those 
developed in the lowlands; moreover, development of the asci and 
spores is allegedly slowed down, the asci can be found in the most 
different stages of development in a single fruiting body, and the 
spores tend to be large and bright golden-yellow. The present 
author has noted that in alpine stations the spores are more often 
ornamented than smooth, and Heim and Singer have found that 
the spores tend to be larger in mountain forms and races. No 
corresponding facts have been established statistically for the 
Arctic, but one may be inclined to think that the similarity of con- 
ditions in high mountains and the Arctic, the identity of many spe- 
cies in both floras, and the analogous case of the microcyclic rusts 
which are more numerous both in the Arctic and in mountains 
than elsewhere, would tend to make it probable that most of the 
peculiarities of the alpine mycoflora will also he proved to exist 
in the Arctic. 


GEOGRAPHICAL DISTRIBUTION 


There must have been an exchange of species between the large 
mountain massifs of North America, Europe and Asia, and the 
arctic regions of those continents during the various glaciations and 
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particularly in the interglacial periods. This does not mean that 
any one of these floras has necessarily been derived from any 
other, but merely that there must have been contact or migration 
of floral elements, at least as far as the fungi are concerned. Some 
of the species occurring both in the arctic regions and in the 
mountain ranges farther south are: Massaria eucarpa (Spitsbergen, 
Caucasus) ; Phyllosticta calthae (Kamchatka, Caucasus) ; Botry- 
chonema juncisedum (Greenland, Iceland, Adirondack Mountains, 
Alps) ; Phoma alpina (Ellesmere Island, Umanak, Alps) ; Clathro- 
spora pentamera (circumpolar: arctic and subarctic; also in the 
Rocky Mountains, the Pamir, the Italian mountains); Russula 
emetica subsp. alpestris (Greenland eastward to Novaya Zemlya; 
also in the Alps, Carpathian Mountains, Caucasus) ; Melanoleuca 
evenosa (Iceland, Alps, Caucasus) ; Amanita vaginata (Greenland, 
Lapland, Alps); Omphalina abiegna (Lapland, Alps); certain 
forms of Galerina hypnorum (Lapland, Greenland, White Moun- 
tains in New Hampshire, Altai Mountains, Alps) ; Lactarius re- 
praesentaneus and L. torminosus (Lapland, Greenland, Altai 
Mountains); Leccinum scabrum subsp. rotundifoliae (Greenland 
westward to Novaya Zemlya; Altai Mountains) ; Calvatia tatrensis 
(Greenland, Tatra). 

The majority of the species that make up the flora of the Arctic 
have a wide distribution ; some have been demonstrated to be con- 
tinuously distributed around the North Pole, for example, /yco- 
sphaereila tassiana on no less than 110 different host plants ranging 
from Lycopodium to Hieracium. Only a few species are so 
adaptable as to be almost cosmopolitan, for example, the smut 
Cinctractia caricis, in the widest sense, and the puffball Crucitbulum 
vulgare. Although several species have so far been reported only 
from one single region, e.g., Micromyces wheldenti from the Cana- 
dian Eastern Arctic and Puccinia rhytismoides from the northern- 
most parts of the European Continent, it may be expected that 
most of them will be found to occur also elsewhere and thus cease 
to be endemics. The only region which may be expected to have 
a comparatively large degree of endemism is the northeastern 
Siberian Arctic. 

The generally wide distribution of arctic fungi may at first 
glance appear to be a puzzling fact, as land habitable for plant life 
is dispersed and disrupted by wide stretches of ocean. The theory 
of spore- and seed-carrying birds as a means of plant migration 
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over large distances has been gradually abandoned by most plant 
geographers. The hypothetical prehistoric land bridges are a mat- 
ter of controversy. According to Lind (1934), none of these ex- 
planations is needed as far as the fungi are concerned. During 
the arctic winter, fragments of plants with resistant spores or 
perennial mycelium (almost all arctic fungi have one or the other, 
or both) in their tissue or attached to them, may easily be carried 
across the ice by wind and will then be scattered together with 
snow upon the frozen ground as much as 400 miles away from 
their original habitat. After reaching some new arctic land, the 
fragments have a fair chance of falling upon or near a suitable 
substratum, or, when the summer thaw comes, of finding their 
way into some rivulet which will carry them to such a substratum. 

However, this explanation does not take into account the fact 
that the almost subantarctic and antarctic fungus flora is surpris- 
ingly similar to the arctic mycoflora—indeed to a degree that makes 
it impossible to interpret the analogy as coincidental (see Singer, 
1952, 1953). The same genera and sometimes the same species 
prevail in the mountain zone of Tierra del Fuego and in Greenland. 
For instance, the species Leptotus lobatus is equally distributed in 
both regions, and the laccarias are as dominant in the Antarctic as 
in the Arctic. The same is true also of melanoleucas, having in 
some cases even identical or nearly identical species in both hemi- 
spheres; the cystodermas and omphalinas, in many cases identical 
species; Camarophyllus aff. lacmus, Marasmiellus fibula, Agaricus 
campestris and certain species of Galerina and Naematoloma. 
While Russula is rare, and Lactarius, Hebeloma and the Boletaceae 
are unknown in the subantarctic and antarctic regions, it is re- 
markable that Cortinarius is very rich in species in both of these 
regions, and so is Jnocybe—the last two genera forming mycorrhiza 
with shrubby and subherbaceous willows and birches in the North 
and with shrubby Nothofagus in the South. Recently, the first 
truly antarctic fungus has been discovered by a Chilean expedition. 
The material is in poor condition, but can be identified as a tri- 
cholomataceous basidiomycete, probably Omphalina aff. chilensis, 
i.e., of a group widely distributed in the arctic regions. Conse- 
quently, Lind’s wind-over-ice theory, even though it correctly de- 
scribes a specifically arctic way of fungus dissemination, cannot ex- 
plain the wide distribution of many arctic genera and species. 

If it were assumed—as indeed it is by numerous plant geog- 
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raphers—that migration has taken place along the mountain ranges 
of the Americas extending from north to south, there is no ex- 
planation for the specific identity of some floral elements in the 
Arctic and Antarctic, nor is there a way of overcoming the diffi- 
culty of explaining the manner by which plants adapted to the 
frigid zones could have passed over the lowlands and low hills of 
southern Central America. It seems more logical to assume an 
originally homogeneous flora, of which some components were able 
to adapt themselves to the extreme conditions of the frigid zones 
and to survive there, while gradually exposed to extinction in the 
moderate and warm climates because of competition with species 
which were themselves adapted more specifically to conditions 
prevalent in the extra-arctic regions. 

This hypothesis does not by necessity deny the role of migration 
in specification, but it denies the specific migration from the Cana- 
dian Arctic along the Rockies and the Andes to the Antarctic in 
comparatively recent times, i.e., of the existing species common to 
both the arctic and the antarctic mycoflora. It implies that in the 
more numerous cases, where only the genera are common to both 
regions, the species have been born by mutations caused, for ex- 
ample, by climatic changes, and that specification has been analo- 
gous but slightly different in the Arctic and in the Antarctic. The 
fact that a large percentage of the arctic and antarctic fungi are 
not exclusively adapted to frigid conditions and extend their areas 
far into the warmer regions, and the fact that mycologists will 
readily agree that most species common to the arctic and antarctic 
floras may be characterized as comparatively primitive, will tend 
to corroborate the author’s views. 


EcoNOMIC IMPORTANCE 


The role of fungi in nature consists of their part in the decomposi- 
tion of dead vegetable masses and transformation of the latter into 
humus (saprophytes), and the transformation of nutritive elements 
into such substances as can be assimilated by higher plants (sym- 
bionts). Aside from these functions there are many practical uses 
for fungi under arctic and boreal conditions, and also much eco- 
nomic damage caused by them. 


FORESTATION. Attempts at forestation in Iceland show that 
those trees which at last became established are accompanied by 
their mycorrhizal fungi, for example, Pinus mugho by Suillus 
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luteus. All such experimental plantations should in the future be 
planned with a view to the role of the fungus partner of each tree 
species, its resistance to the climatic conditions being fully as im- 
portant as the ecology of the tree itself. This is equally valid for 
the growing of berries of the Vaccinioideae group, for example, 
cranberries. 


HORTICULTURE. Since many crops in the Arctic are greenhouse 
plants, control of their diseases should be similar to that indicated 
under the same conditions in other regions. One important out- 
door crop of the Soviet tundra, red radishes, does not seem to be 
affected seriously by fungus disease. Hardy crops that might in 
the future be adapted to subarctic agriculture may profit by the 
existence of a certain margin between the minimum growth tem- 
perature of the host and that of the parasite, as has indeed been 
pointed out for wheat rust by Chester. 


MUSHROOMS FOR FOOD. A successful method of growing com- 
mercial white mushrooms in the Arctic has not been worked out 
because of the difficulty of obtaining suitable manure locally and 
because of the high cost of heating the mushroom houses to the 
optimum growth temperature of Agaricus bisporus. Future ex- 
periments will undoubtedly endeavor to adapt one of the local wild 
species, e.g., Melanoleuca evenosa, with an already low optimum 
growth temperature and more easily available substratum. If such 
a method could be worked out, these mushrooms would be an ideal 
year-round crop in the Arctic, as mushrooms do not require light 
for normal development. 

Mushrooms collected in summer and eaten fresh, or pickled or 
dried for winter use, are one of the most valued vegetable crops of 
the arctic and especially the subarctic regions of Europe and Asia. 
Potentially, however, they would be equally valuable in Alaska 
and other parts of the American Arctic. The arctic fungus flora 
is particularly low in poisonous species. Aside from some very 
small agarics (Clitocybe and Inocybe), there is only the well- 
known easily recognizable Amanita muscaria (fly mushroom) 
which is widely used by the natives of northern Siberia and Kam- 
chatka as an intoxicating drug. All other species so far known 
to occur in the Arctic or Subarctic appear to be harmless. 


MUSHROOMS AS REINDEER FODDER. An important aspect of the 
fungi is their use as fodder either by direct pasturing of animals 
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or in preparation of mushroom-containing fodder. The reindeer 
feeds on mushrooms as well as on lichens, and even in winter the 
animals dig the frozen mushrooms out of the snow. The local 
and seasonal abundance of mushrooms is a factor in the choice 
of feeding grounds in Lapland and northern U.S.S.R. According 
to Rautavaara (1947), the weight of the reindeer is on an average 
20% higher than normal in a good mushroom year, and 12% 
lower than normal in a year when mushrooms are scarce. Fodder 
containing mushrooms accounts for about 20% of the meat produc- 
tion, valued at about ten million Finnish marks per year, in Fin- 
nish Lapland alone. 


FUNGI CAUSING DETERIORATION. Some fungi, such as the do- 
mestic fungus Serpula lacrimans (also incorrectly called “ Merulius 
lacrymans’’) and Lentinus lepideus, cause deterioration of wooden 
frames, wharves, railway ties and all kinds of wooden structures, 
even in mines. These fungi are not so dangerous in the Arctic as 
they are in warmer regions, as they do not grow rapidly enough 
outdoors; indoors, however, they may be very destructive. De- 
terioration of fabrics in the tropics, caused mostly by Fungi Im- 
perfecti, has lately received much attention. Data on fungus de- 
struction of fabrics in the Arctic are not available at present, but 
such destruction is expected to be less severe than in the Tropics 
or even in the Temperate Zones. 
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Lichens, which are compound organisms consisting of photo- 
synthesizing algal cells growing in an envelope of living fungous 
material, are found everywhere in the Arctic where a suitable sub- 
stratum exists. On the northernmost point of Peary Land they 
occur in abundance. Indeed, even on the Antarctic Continent, 
where only three species of vascular plants have been found, at 
least 250 species of lichens are known to occur. 

Lichens are conveniently divided into two major groupings, the 
macrolichens and the microlichens or crustose lichens. The macro- 
lichens are relatively large plants of varying shape. Some genera 
have an erect branched thallus which may be thread-like (Alec- 
toria, Neuropogon), stout (Cladonia, Sphaerophorus, Dactylina), 
or more or less flattened (Cetraria). The thallus is often beset 
with small squamules or granules (Cladonia, Stereocaulon). 
Other genera have a foil-shaped thallus attached at the center to 
stones (Umbilicaria), or the thallus may be closely adnate to the 
soil (Peltigera, Solorina). Still other types have a branched 
flattened thallus closely pressed to stone (Parmelia, Physcia). 

The microlichens form crusts covering rock or soil, or grow upon 
moss or old bones. Their most important genera in the Arctic are 
Lecidea, Lecanora, Buellia, Rinodina, Rhizocarpon and Caloplaca. 
The members of the genus Caloplaca often have red to orange-red 
colors, and one of them, C. elegans, frequently gives its color to the 
bird cliffs. Most species of microlichens are neglected by collectors 
who are not especially aware of them. 

It is to be emphasized that the division into macrolichens and 
microlichens is not a natural division but a practical one like that 
of vascular plants into trees and herbs. 
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EcoLocy AND BIOLOGY 


Lichens play an important role in arctic vegetatioa and in the 
arctic landscape. As the profuseness of other vegetation decreases 
toward the Poles, the importance of lichens increases because they 
are among the hardiest of plants. As a rule, the microlichens are 
the most hardy, and their relative importance increases with colder 
climates. 

Lichen vegetation is influenced especially by the humidity of the 
air. In southern West Greenland, the lichen vegetation is best 
developed along the shore in the middle of the fjords; toward the 
seacoast and toward the innermost ends of the fjords, it becomes 
less profuse. The same may be observed also in Spitsbergen. In 
the inner parts of the fjords of East Greenland, e.g., Scoresby 
Sound, the climate may become so dry that only a few species of 
lichens occur, among them desert species. 

The winter minimum temperature is a factor which does not 
govern the distribution of lichens to the same extent as it may 
affect the distribution of vascular plants. To be sure, many lichen 
species have their distinct northern limits, but these seem to de- 
pend more upon summer warmth than winter cold. Thus many 
relatively southern species are met with in Scoresby Sound in East 
Greenland. Scoresby Sound has for its latitude a high summer 
temperature, but the winters may be cold. Many species of lichens 
are, however, often of a deformed and frostbitten appearance in the 
Arctic, particularly Cladonia species which in such a state may be 
difficult to determine. The tips of the branches are often destroyed, 
especially when they have been subject to winter gales without a 
snow cover. 

Lichen vegetation flourishes on both acid and alkaline soils and 
on rocks. Particularly on sandy soils, an almost pure lichen vege- 
tation may develop, probably because of the small competition with 
other plants. But there are different species occurring on acid and 
alkaline soils; species of the Solorina saccata group and Peltigera 
venosa especially prefer alkaline soils. 

About the physiology of arctic lichens little is known. Scho- 
lander and co-workers (41) found little evidence of adaptation of 
the respiration of arctic lichens to the cold climate in which they 
live. He and his collaborators (42) found that respiration de- 
creased markedly when the lichens were frozen. Arctic lichens are 
able to withstand severe frost. 
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Experiments to determine the rapidity of growth of lichens have 
been carried out in Scandinavia in connection with problems of 
reindeer grazing. Tne most important food lichen, Cladonia al- 
pestris, which occurs also in most parts of the low-arctic regions, 
needs more than 30 years to attain full growth. Other species 
grow more rapidly, e.g., Cladonta rangiferina, C. sylvatica, Cetraria 
nivalis and C. islandica, and especially Stereocaulon paschale. In 
regions heavily grazed by reindeer, Cladonia alpestris becomes sub- 
ordinate in the vegetation, while Stereocaulon paschale becomes 
more important. 

There are good reasons to believe that the rapidity of the growth 
of lichens decreases with a colder climate. In Peary Land, Peter 
Freuchen found the stone cairn built by Peary 20 years before. 
The stones had been moved to make the cairn, some being placed 
upside down, yet not much difference in the lichen vegetation or 
signs of new growth could be seen (according to a letter from 
Freuchen to Lynge). On the other hand, in southern West Green- 
land, the author has seen Eskimo graves certainly not more than 
20 years old, the stones of which were covered by large lichens. 

The extreme slowness of lichen growth in the Arctic has been 
used by Ahlmann (1) as an indicator of time. The glaciers around 
the North Atlantic Ocean had a maximum about the year 1740. 
Ahlmann found a zone with only scanty lichen vegetation along 
the “walls” bordering the glaciers in northern East Greenland 
for some meters above the present surface of the glaciers. He 
was able to connect the upper limit of this zone with side moraines 
most probably dating from the 1740 maximum. The lichen vegeta- 
tion on the rock walls had thus not attained a mature state in the 
time that had elapsed since 1740. Consequently it may be stated 
that lichens in the Arctic may attain very great age. 

The slowness of growth of arctic lichens makes them little re- 
sistant to solifluction. For example, where only a slight movement 
of the boulders of talus slopes occurs, the lichen vegetation is badly 
affected. Such parts of the slopes have a light color in contradis- 
tinction to the stable parts which may be dark gray because of 
lichens. 


LICHEN VEGETATION IN THE ARCTIC 


Vegetation types with lichens forming their chief component are 
characteristic of the Arctic. The arctic tundra contains an im- 
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portant element of lichens, yet is rarely dominated by them. This 
may be the result partly of the solifluction which often interferes 
with lichen growth. Characteristic of the tundra are the cup- 
shaped Cladonia pyxidata var. pocillum, C. coccifera, C. lepidota, 
Dactylina species and Cetraria species. The dead parts of mosses 
and vascular plants are beset with microlichen species of the genera 
Lecidea, Caloplaca and Rinodina. 

The lichen heath, with lichens dominating together with shrubs 
such as Empetrum and Betula nana or B. glandulosa, is a vegeta- 
tion type of the low-arctic regions. This vegetation is probably of 
circumpolar occurrence and is beautifully developed in Scandinavia, 
southern Greenland, Labrador, Quebec and Alaska. The lichens 
form a thick carpet which may be tens of centimeters thick. In 
places where a light snow cover occurs in winter, Cladonia al- 
pestris is often the dominant species; in places more exposed to the 
wind, Cetraria nivalis and Alectoria ochroleuca are dominant, 
mixed with Cornicularia divergens, Thamnolia vermicularis, ete. 

In the snow patches lichen vegetation becomes less profuse. 
Some characteristic species are found, especially Solorina crocea 
which is a foil-shaped adnate species with orange coloration of the 
underside. 

The surface components of boulder fields in the mountains and 
of talus slopes are generally covered with lichens if the stones are 
stable. Most characteristic are the Umbilicariaceae, with such spe- 
cies as Umbilicaria cylindrica, U. proboscidea and U. hyperborea, 
and Parmelias such as Parmelia pubescens, P. alpicola and P. intes- 
tiniformis. Areas not occupied by macrolichens are generally 
covered with microlichens, particularly species belonging to the 
genera Lecidea, Lecanora and Rhizocarpon. 

Bird cliffs have a lichen vegetation of their own. On them there 
is ample supply of nitrogen which stimulates a rich lichen growth 
on stones and rock walls. Characteristic are the red Caloplaca 
elegans, which may give color to the whole cliff, and some species 
of Umbilicaria. Many species of Physcia are found, together with 
the red Xanthoria candelaria, and, further, Rinodina species, Le- 
canora melanophthalma and other species of microlichens. If there 
are not any bird cliffs within an area, fragments of this vegetation 
type may be located in the birds’ resting places on top of prominent 
stones. The Eskimo villages also stimulate growth of nitrophilous 
lichens and other plants. 
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In or near brooks, a separate type of lichen vegetation occurs, 
consisting of small microlichen species belonging to the genera 
Verrucaria, Staurothele and Lecanora. The seashore is practi- 
cally always devoid of lichen vegetation because of the winter ice 
which destroys plant life. 


EXPLORATION OF LICHEN FLORA 


Lichens have been collected in the Arctic for more than a century 
and a half. The lichen floras of some parts of the Arctic are fairly 
well known, whereas other parts are unexplored. Many arctic 
expeditions bring home collections of lichens, but the size and 
quality varies according to the ability of the collectors. Naturally 
the collection of a trained lichenologist is far better than that of an 
amateur or of a botanist who has not made lichenology his specialty. 
In every area there are some common species dominating the lichen 
vegetation, and these are collected by everybody. Many species 
occur as occasional specimens among the common ones which they 
may superficially resemble; these are naturally collected only by 
the trained lichenologist. The collections not made by specialists 
may give interesting information about lichen floras of areas not 
previously explored, but a representative collection can be made 
only by one who knows lichens. A fairly representative collection 
of macrolichens may be made by anyone who devotes some time 
and interest to the task, but he will always miss many species of 
microlichens. 

The procedure for collecting arctic lichens is very simple. The 
lichens, or pieces of stones with attached lichens, are merely 
wrapped in a piece of paper and dried. They must be carefully 
labeled. In this state they may be kept for years until they can be 
unpacked at home, pressed if necessary, and classified. Identifica- 
tion must be left to the lichenologist who has at his disposal the 
necessary literature and specimens for comparison. 

The last attempt to survey the lichen flora of more than a single 
major part of the Arctic was made by Fries (11). His Lichenes 
Arctoi contains descriptions in Latin of the lichens considered and 
is based on collections from Scandinavia, Bear Island, Spitsbergen, 
Iceland, Greenland and Kola Peninsula. It is still of great value. 

Extensive references to literature on arctic lichens are given by 
Lynge (30, 31), and to offer an account of our knowledge of the 





468 THE BOTANICAL REVIEW 


lichen flora of the Arctic, it is necessary to treat the different 
areas separately : 


NORTHERN SCANDINAVIA AND KOLA PENINSULA, Large col- 
lections have been made in northern Norway, northern Sweden 
and especially in northern Finland. The results have been pub- 
lished in many papers by Nylander; Th. Fries, whose Licheno- 
graphia Scandinavica (13) contains descriptions of the species but 
was unfortunately never completed; Wainio (43, 45), whose 
Lichenographia Fennica (45) also contains descriptions of the 
lichen species in question but was likewise never completed ; 
Lynge; Magnusson (36); Rasanen and others. Our knowledge 
of the lichen flora of Kola Peninsula is scanty. 


NOVAYA ZEMLYA. Large collections were made by Lynge who 
visited the middle part of the islands and the western coast in 1921. 
Some minor collections have been made by Swedish and Soviet 
expeditions. The results of the expedition of 1921 were published 
by Lynge (27), with references to older literature. 


ARCTIC SIBERIA, Little is known of the lichen flora of the 
western and central parts of arctic Siberia, and any additions are of 
interest. In 1876 M. Brenner collected lichens along the Yenisei 
River during an expedition with A. E. Nordenskiold; he also found 
some specimens at the mouth of the river. The collections are 
being studied by Magnusson, but the results have not yet been 
published. The Maud expedition collected a few lichens which 
have been identified and described by Lynge (33). 

On the famous Vega expedition, the surgeon, E. Almquist, col- 
lected lichens in the few places visited. The visits were too short 
to permit extensive collecting, but Almquist was an excellent ob- 
server who made the utmost of the opportunity. A preliminary 
survey of the results is given by him (3) ; later the collections were 
studied and described by Malme (37). At Pitlekai in easternmost 
Siberia the Vega expedition was caught by the ice and forced to 
stay for the winter. During this period Almquist had a good 
opportunity to collect lichens, although snow covered the area dur- 
ing the greater part of the stay. These lichens have been de- 
scribed by Wainio (44). 

Soviet expeditions have perhaps collected lichens along the Si- 
berian coast, but nothing has been published, as far as the author 
knows, apart from some stray contributions by Savicz and Oxner. 
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BERING STRAIT AREA. After the winter in Pitlekai the Vega ex- 
pedition proceeded to Bering Strait. Some places on both sides 
of the strait were visited, and Almquist made good collections 
which were studied and described by Nylander (39). Almquist 
(2) has also given a picture of the lichen vegetation of the area. 


KAMCHATKA. In 1912-14 the Russian lichenologist Savicz 
visited Kamchatka and made large collections. Unfortunately only 
a few of the lichen genera from the area have been identified and 
the results published (40). A collection of lichens containing 102 
species was brought home by Hultén from Swedish Kamchatka 
expeditions ; they have been described by Du Rietz (10). 


ALASKA AND CANADIAN WESTERN ARCTIC. Our main source of 
knowledge concerning the Alaskan lichen flora is the work of 
Cummings (6), based on collections from many expeditions. The 
nomenclature and taxonomy of this work is now out of date, and 
a revision is desirable. Most of the material came from the sub- 
arctic part of Alaska. A number of stray contributions from 
Alaska and Canadian Western Arctic have been published by 
various authors (Degelius, Herre, Howe, Lynge, Magnusson, 
Llano). Unpublished small collections are found in many Ameri- 
can herbaria. Large collections were made in the Brooks Range 
by Llano in 1949 and in the Fairbanks area by Krog in 1953. 


CANADIAN EASTERN ARCTIC. The Second Norwegian Arctic Ex- 
pedition in the Fram brought home good collections from Ellesmere 
Island and adjacent areas. The collections contained approxi- 
mately 160 species and have been described by Darbishire (9). A 
modern revision is needed. The Danish Fifth Thule Expedition 
of 1921-24 brought home many lichens from the Arctic Archi- 
pelago and the adjacent mainland. The collections, containing ap- 
proximately 100 species, have been studied by Lynge (20). 

Prof. N. Polunin made good collections in Baffin Island and 
adjacent areas in 1931, 1934 and 1936. The collections, which con- 
tained 166 species, have been described by Lynge (19). The pub- 
lication also contains numerous references to previous finds. The 
collections of Father Artheme Dutilly, also made in the area, con- 
tained 88 species published by Lynge (17). Lepage (15) has 
published on the lichens of Quebec. Hale, the first lichenologist 
to collect in the Canadian Eastern Arctic, visited Baffin land in 
1949; his publication is in press. 
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LABRADOR. Almost nothing is known about the lichen flora of 
most of Labrador. Some records are found in Macoun (35). A 
small collection from Hebron was brought home by Tanner, but 
its description has not yet been published. 


GREENLAND. We are fairly well informed about the lichen flora 
of most parts of Greenland. The most extensive collections are 
in the herbaria of Copenhagen and Oslo, some collections being 
also in Stockholm. The last attempt to make a complete survey of 
the lichen flora of Greenland was by Branth and Grgnlund (5) and 
Branth (4), comprising material from the Danish expeditions up 
to 1892. The classifications need a modern revision. 

North Greenland was visited by Th. Wulff in 1917, and his col- 
lections, which contained 64 species, have been described by Lynge 
(21). The Danish Peary Land Expedition (1948-49) also col- 
lected lichens in this area. 

West Greenland has been visited by many expeditions. Jens 
Vahl traveled in West Greenland and also in the southernmost 
part of East Greenland from 1828 to 1836. His collections were 
made with great care and profound knowledge of lichens, and still 
form an important basis for our information. In 1871 the famous 
Swedish lichenologist, Th. M. Fries, visited the Disko area. His 
collections have been studied and described by Lynge (29). In 
1946 the Danish lichenologist, M. Skytte Christiansen, visited the 
Holsteinsborg area and some other places in West Greenland, but 
his collections are not yet described. In 1937 E. Dahl traveled in 
the southern part of the Frederikshaab District and in Julianehaab 
District in southernmost Greenland. The macrolichens have been 
studied (7), but the microlichens have not so far been examined. 
Besides these major collections, quite a number of minor collections 
have been made, mostly by Danish expeditions. 

East Greenland has also been visited many times. Farthest to 
the north, the Danmark expedition collected lichens, and the re- 
sults have been described by Gallge (14). In 1929 Lynge and in 
1930 Scholander visited northern East Greenland. Reports have 
been published by Lynge and Scholander (34) and by Lynge (26). 

Minor collections have been made in the district between 
Scoresby Sound and Angmagssalik, and descriptions have been 
published by different authors (Wainio, Lynge, Lamb). Southern 
East Greenland has been visited by Danish and Norwegian expedi- 
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tions. Scholander collected lichens in the district in 1932, and the 
results have been described by Dahl, Lynge and Scholander (8). 


JAN MAYEN was visited by the Norwegian botanist Johannes 
Lid, in 1930, and by Lynge, briefly, in 1929. The results have 
been published by Lynge (25). 


ICELAND. Lichens have been collected for a long time in Iceland, 
in earlier times chiefly by Danish expeditions. Good collections 
are kept in Copenhagen and in Reykjavik. In 1937 and 1939 
Lynge made extensive studies in Iceland. The macrolichens from 
Lynge’s collections have been described by him (24), and here 
references to older literature are also found. Unfortunately it was 
impossible for him to revise older collections. The microlichens 
were mostly identified by the time of Lynge’s death in 1942, but 
descriptions have not yet been published. 


SPITSBERGEN. Spitsbergen has been visited by many expeditions 
which collected lichens; in older times these were mostly Swedish, 
in recent times mostly Norwegian. The results of the Swedish 
expeditions have been published by Th. Fries (12). The western 


coast has been visited by Lynge, Lid and Hgeg; the northern coast 
by Hgeg, Scholander and Dahl; and the east coast by Dahl. The 
results of these collections of the macrolichens of the west and 
north coasts have been published by Lynge (28), where references 
to older publications and finds also are to be found. In this work 
Lynge also gives an enumeration of the macrolichen species known 
from Novaya Zemlya, Spitsbergen, and West and East Greenland. 
Large collections of microlichens and considerable collections of 
macrolichens still await study and publication. Mattick (38) has 
given a survey of the lichenological exploration of Spitsbergen. 


FRANZ JOSEF LAND was visited by a Norwegian expedition in 
1930. The results have been published by Lynge (22). Alto- 
gether 94 species are known from the archipelago. 


BEAR ISLAND was visited by Th. Fries in 1868, and his exten- 
sive collections have been described by Lynge (23). 
LICHEN FLoRAS OF THE ARCTIC COUNTRIES 


The number of macrolichen and microlichen species at present 
known from those arctic regions from which fairly good informa- 
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tion is available is given in Table I. The figures are only approxi- 
mate. Different authors may have different concepts of species, 
and doubts concerning the reliability of older records may arise. 
Naturally many of the figures will increase with future exploration. 

As a general rule one may state that in regions which have been 
fairly well explored (Novaya Zemlya, East Greenland, Bear 
Island), somewhat more than twice as many microlichens as 
macrolichens are found. West Greenland and Spitsbergen are 
well explored, but considerable collections of microlichens have not 
so far been examined. For comparison it can be stated that from 
the Nordic countries (Finland, Denmark, Norway, Sweden) ap- 
proximately 460 species of macrolichens and 1,300 species of 
microlichens are known. 


TABLE I 








Number of Number of 


: : : Reference 
macrolichens microlichens 


Locality 





Novaya Zemlya 140 316 (27, 28) 
Pitlekai 76 162 (44) 
Bering Strait 116 288 (39) 
West Greenland 205 240 ( 7, 29) 
East Greenland 142 270 (26, 34) 
Jan Mayen 60 84 (25) 
Iceland 151 ae (24) 
Spitsbergen 145 ae (28) 
Bear Island 54 131 (23) 





If we try to make phytogeographical comparisons of the lichen 
floras of the arctic countries, one difficulty is met with at once; 
the lichen floras of Siberia, western North America and the Ameri- 
can mountain ranges are too insufficiently known. An investiga- 
tion of, for example, the Bering Strait area by a competent lichen- 
ologist is most desirable. 

Despite this, our present knowledge of the macrolichen flora of 
many arctic countries seems to be sufficient to permit some con- 
clusions as to the character of their lichen floras. Some of these 
problems have been treated by Lynge (18, 28, 32). 

The arctic lichen flora doubtless contains elements of great age. 
Possibly they lived in arctic regions before the Pleistocene glacia- 
tions. As examples of such types may be chosen Neuropogon 
sulphureus and Dactylina arctica. Of these, N. sulphureus, which 
is a characteristic lichen readily recognized even by the amateur, 
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is of special interest. It has never been met with in subarctic 
countries but exhibits a bipolar type of distribution, occurring again 
in the Southern Hemisphere with many related species. Bipolar 
types of distribution are by no means rare among lichens. 

The macrolichen species of arctic countries are generally of wide 
distribution and found within many countries. Circumpolar types 
of distribution are common. Within each country the species may, 
however, be of a peculiar local occurrence, suggesting that they 
may be interglacial relics (e.g., in Spitsbergen, see 28). 

The microlichen species within the arctic countries seem gen- 
erally to have a more restricted distribution than the macrolichens. 
There are more endemics of various arctic countries among micro- 
lichens than among macrolichens (18). 

An element characteristic of the Bering Strait area is spreading 
into Siberia and Arctic America; examples are Cetraria richard- 
soni, C. chrysantha, Pilophoron aciculare and Stereocaulon in- 
termedia. 

There seems to be a close relationship between the macrolichen 
floras on both sides of the Atlantic Ocean. Thus there are very 
few species of macrolichens in Spitsbergen which are not found 
in East Greenland, and more than 95% of the macrolichen flora 
of southern West Greenland is also observed in Scandinavia (7). 
It is impossible to say that they do not occur in the Bering Strait 
area, as this region is insufficiently known. But it may be stated 
that there is a closer relationship between the southern West 
Greenland macrolichen flora and the Scandinavian alpine lichen 
flora than there is between the alpine lichen floras of Scandinavia 
and the Alps. 

It seems probable that even dominating elements of the lichen 
floras of many arctic countries survived the last glaciation ; possibly 
they lived there also during earlier glaciations. This could be ex- 
plained by the extreme hardiness of lichens, which makes them 
able to survive unfavorable periods better than other groups of 
plants. A closer study, especially of the distribution of the micro- 
lichen species, may reveal old phytogeographical relationships of 
the different parts of the Arctic. 


EcoONOMIC IMPORTANCE OF ArcTIC LICHENS 


Lichens have considerable economic importance, especially in 
the low-arctic regions, because they serve as a basic food for the 
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reindeer, especially as winter fodder. This is indicated by the 
manner in which, if an area is too densely populated with reindeer, 
as may happen in northern Scandinavia, the lichen vegetation 
changes. The fodder lichens most important to reindeer are 
Cladonia alpestris, Cetraria nivalis and Stereocaulon paschale be- 
sides some related species. Cetraria nivalis has a particularly high 
percentage of digestible carbohydrates. 

Lichens may serve as emergency food for man. Most famous 
is Cetraria islandica (Iceland moss, pig moss, food moss) which 
has been a substitute for flour during hard times in Scandinavia 
and Iceland. It has also served as food for pigs. It, too, contains 
a high percentage of digestible carbohydrates. 
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